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CHAPTER - 1 
INTRODUCTION 
1.1 GENERAL ACCOUNT 
Pulses, also called grain legumes occupy a most demanding and essential 
place among Indian agricultural system because of their valuable peculiar qualities. 
They are of immense value not only for human nutrition but also in agricultiu-e. 
They cor^titute an important role in human dietary. They are the cheapest and 
the most widely consumed source of protein and are essential adjimcts to a 
predominately vegetarian diet in the Indian sub-continent. They play a vital role in 
overcoming the protein caloric malnutrition especially in the developing covmtries like 
India where majority of the population is vegetarian. Pulses are often attributed as 
"poor man's diet" which are really important in Indian diet as a source of protein. As 
regard to developed countries, grain legumes are an important indirect source of 
protein, being animal food of good biological value. They contain 20-30% protein in 
their seeds, which is 2 to 3 times higher than that in the cereals. The protein of pulses 
is nutritionally superior and important as the amino acid lysine is found in large 
quantity than that in the cereal protein. So the mix diet of cereal and pulse has the 
superior biological value than either of the component alone. This becomes 
particularly important in a cereal pulse diet (Chatterjee and Abrol, 1975). 
Grain legumes occupy a unique position in the agricultural economy of India 
also by virtue of their ability to fix atmospheric nitrogen in the soil through symbiosis 
with the Rhizobium bacteria, prevalent in their root nodules. So they do relatively well 
even under poor management and low soil fertility. The pulse crops probably add 
more nitrogen to the soil than the total nitrogen fertilizer produced in the country. The 
leguminous crops also conserve and improve physical properties of soil due to their 
deep and well spread root system. The pulse offer the most important means of 
increasing agricultural production in dry land because of their low water requirement 
which constitute about 40% of the total cropped area of our country. 
Our country can take a rightful pride in attaining the self sufficiency in the 
production of foodgrains but it has miserably failed in case of pulses for which we are 
even today depend on import to a large extent. The foodgrains production has crossed 
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200 million tones mark, yet crop imbalances are still there. This is because certain 
crops like pulses have not experienced the impact of green revolution even after three 
decades of it. Pulses occupy a large part of the area under cultivation in India 
fluctuating between 20 to 24 million hectares over the last four decades but their 
production is low. 
As per the advanced estimates, the area under the cultivation of pulses in India 
is estimated to show slight increase during 2006-07 as compared to last years. The 
production of pulses is also estimated to have increased as compared to those during 
last two years, but a slight decrease in the yield of pulses has been seen during 2006-
07 (i.e. 594 kg/ha) as compared to those during 2005-06 (i.e. 598 kg/ha) (Graph 1). 
Table 1: All India area, production and yield of total pulses from 1990-91 to 
2006-07 
(Area - Million Hectares, Production - Million Tonnes, Yield - Kg/hectare) 
Year 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 
2001-02 
2002-03 
2003-04 
2004-05 
2005-06 
2006-07 
Area 
24.66 
22.54 
22.36 
22.25 
23.03 
22.28 
22.45 
22.87 
23.50 
21.12 
20.35 
22.01 
20.50 
23.46 
22.76 
22.39 
23.76 
Production 
14.26 
12.02 
12.82 
13.30 
14.04 
12.31 
14.24 
12.98 
14.91 
13.42 
11.08 
13.37 
11.13 
14.91 
13.13 
13.39 
14.11 
Yield 
578 
533 
573 
598 
610 
552 
635 
567 
634 
635 
544 
607 
543 
635 
577 
598 
594 
Source : FAO statistical division available at FAOSTAT@fao.org.in 
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Introduction 
As the population of India is growing at a rapid rate, the stagnation in pulse 
production has met a severe decline in the per capita pulse availability, a matter of 
serious concern in a country where pulses are the major source of protein in the 
vegetarian diet. The non-availability of high yielding varieties is^major constraint in 
achieving higher productivity of pulses. Non-synchronous flowering/fruiting, non-
responsiveness to good management, long duration and flower drop, non-suitability to 
various cropping systems, complete or partial absence of genetic resistance to major 
diseases and pests are other problems associated with the varieties of major pulses. A 
solution to the problem of the declining per capita availability has, therefore, to come 
from a rapid genetic improvement in indigenous production lines of grain legumes 
through mutation breeding. 
1.2 MUTATION BREEDING : AN IMPORTANT TOOL FOR CROP 
IMPROVEMENT 
Since genetic variability is essential for any crop improvement programme, 
the creation and management of genetic variability becomes central to crop breeding. 
However, in pulses the genetic variability has been exhausted due to the natural 
selection and hence the conventional breeding methods are not much fruitful. 
Mutation breeding, a technique of utilization of induced mutations for crop 
improvement, is a best method to enlarge the genetically conditioned variability of a 
species considerably within a short time and when sufficient genetic variability is 
developed, induced mutations can be of value in the rectification of several kinds of 
defects. Induced variability which is the most useful in plant breeding programmes, is 
generally obtained by mutagenesis involving the use of mutagens which are known to 
react with the particular bases of DNA molecules. Mutagenesis is the most important 
method of inducing alterations by mutagens in a genotype to enlarge the variability in 
a shortest possible time and provide good scope for selection. Any agent which can 
change the base sequence has the potential to produce a mutant or changed organism. 
Interest in induced mutagenesis has been revived in recent years due to the fact that 
the mutant organisms are the indispensable tool for die science of genetics. 
Induced mutations are considered as an alternative to naturally occurring 
genetic variation that serves as the source of germplasm for crop improvement 
programmes and also as an alternative to hybridization and recombination in plant 
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breeding since mutations give rise to non-existing variations (Brock, 1970). Induced 
mutations are usually resorted to create variability not available in the existing high 
yielding or a superior genotype or to improve one or few specific traits of the 
genotype without altering the otherwise desirable make up of agronomically 
important characters. 
Induced mutation breeding involves exposing or treating crop plants to the 
mutagens to induce random genetic mutations resulting in the appearance of new 
traits in the plants that are agronomically useful, such as altered height, more seeds or 
larger fruits. Many physical and chemical mutagens have been successfully used in 
plant breeding programmes to artificially generate genetic variation for the 
development of new varieties with improved traits such as increased yield, earliness, 
reduced plant height and resistance to disease (Maluszynski, 2001). While physical 
mutagens include all types of radiations (e.g. X-rays, y-rays, fast neutrons, UV-rays 
and a and p particles), chemical mutagens belong to the special class of alkylating 
agents (such as ethyl methane sulphonate (EMS) and methyl methane sulphonate 
(MMS). Alkylating agents react with DNA by alkylating the phosphate group as well 
as purine and pyrimidine. Besides alkylating agents, acridine dyes, base analogues 
and azides etc., are also used for induction of mutation. These physical or chemical 
mutagens raise the frequency of mutations above the spontaneous rate (Rieger et ai, 
1976). Mutagens have remarkable possibilities of improving plants with regard to 
their qualitative and quantitative characters. Development of genotypes showing 
improvement over the existing varieties for higher yield and other desirable 
characteristics is the ultimate aim of mutation breeding experiments. 
The success in the plant improvement programmes, however, depends 
basically on controlling and directing the induced mutation process for the production 
of desired mutations. Only through a careful screening and selection programme the 
magnitude of genetic variability induced by physical and/or chemical mutagens could 
be exploited for obtaining the desirable lines. The role of mutations in increasing the 
variability in number of crops including pulses have been proved beyond the doubt 
(Chopra and Sharma, 1985). As a result of mutagenesis programme in different 
countries of the world a number of economically useful mutant varieties (about 2252) 
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have been produced (lAEA/FAO, 2000). Out of total 2252 mutant varieties, 1585 
were developed directly after mutagenic treatments and selection in subsequent 
generations. However, in many instances mutants may not be suitable for being 
release directly for cultivation. In those cases they have been used as a source of 
desired characters in cross breeding programmes. In this way 667 new varieties were 
developed. Of the 1585 directly developed mutant varieties, a great majority (1411) 
were obtained with the use of radiations. 
1.3 MUTATION BREEDING IN INDIA 
India has also become a major recognized centre for work on induced 
mutations and the second largest contributor of the mutant varieties in the world. In 
India, sustained efforts for crop improvement through mutation breeding are being 
pursued at several universities and research institutes, notably at Indian Agricultural 
Research Institute (lARI), Delhi; Bhabha Atomic Research Centre (BARC), Mumbai; 
Tamil Nadu Agricultural University (TNAU), Coimbatore ^ d National Botanical 
Research Institute (NBRI), Lucknow. Bhatia (1991), while reviewing the economic 
impact of mutant varieties in India, had put the number of mutant varieties at 205 upto 
1990. By 2004 this list has grown to 313 (Kharkwal et al., 2004). The mutant varieties 
released include cereals, pulses, oilseeds, fibre crops, vegetables, cash crops, 
medicinal crops, fruit trees, forage crops and ornamentals (Table 2). The mutagens 
used and the main trait(s) improved in these released mutant varieties are listed in the 
Table 3. From the table it is evident that gamma rays are the most preferred agent and 
plant type and higher yield are the traits most commonly manipulated throug i^ 
mutation breeding. 
These findings supplement that mutation breeding is a potential tool to be 
employed in the crop improvement for developing new plant types with superior 
genomes and biochemical composition and having better adaptation potentiality in the 
cases where large part of natural variability has been eliminated in the process of 
adoptation to the stress of environment. 
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Table 2 : Mutant varieties of different crops released for cultivation in India 
Crop 
Cereals 
Pulses 
Oilseeds 
Fibre crops 
Vegetables 
Cash crops 
Medicinal 
crops 
Fruit trees 
Forage crops 
Ornamentals 
No. of varieties 
released 
69 
53 
33 
14 
12 
10 
16 
2 
1 
103 
Specific crop and no. of varieties 
Rice (39), barley (13), pearl millet (5), finger millet 
(4), foxtail millet (1), wheat (4), sorghum (3) 
Mungbean (14), blackgram (7), chickpea (7), cowpea 
(7), mothbean (5), pigeonpea (5), lentil (3), lablab 
bean (3), cluster bean (1), common bean (1), pea (1) 
Groundnut (16), mustard (6), castor bean (4), sesame 
(3), soybean (4) 
American cotton (8), tossa jute (3), white jute (2), 
desi cotton (1) 
Tomato (4), turmeric (2), bitter gourd (1), brinjal (1), 
green pepper (1), okra (1), ridge gourd (1), snake 
gourd (1) 
Sugarcane (9), tobacco (1) 
Citronella (8), German chamomile (1), Indian 
henbane (2), isabgol (1), Khasianum (1), opium 
poppy (2), Spearmint (1) 
Mulberry (1), papaya (1) 
Egyptian clover (1) 
Chrysanthemum (46), rose (16), dahlia (11), 
portulaca (11), bougainvillea (10), wild sage (3), 
gladiolus (2), Hibiscus sp. (2), tuberose (2) 
Source : Current Science, Vol. 89, NO. 2,25 July 2005 
Table 3: Mutagens used and trait improved in mutant cultivars released in India 
Mutagen 
Gamma rays 
X-rays 
Neutrons 
Ethyl methane sulphonate 
Dimethyl sulphate (DMS) 
Ethylene imine (EI) 
Sodium azide (NaNa) 
Other mutagens 
Cross bred 
Natural mutants 
No. of 
mutants 
169 
26 
7 
15 
4 
2 
2 
29 
47 
12 
Main attribute 
High yield 
Early maturity 
Disease resistance 
Quality characters 
Grain quality 
Abiotic stress resistance 
Improved plant type 
Other 
No. of 
occurrence 
86 
65 
57 
39 
67 
65 
181 
9 
Source : Current Science, Vol. 89, NO. 2,25 July 2005 
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1.4 DESCRIPTION OF Vkiafaba L. 
1.4.1 Origin 
Viciafaba L. (2n=12) commonly known as broad bean in English and Bankla 
in Hindi, is a plant of very ancient cultivation. It is assigned to the Central Asian, 
Mediterranean and South American centres of diversity and is known as 'Bean of 
History' or 'Bean of Bible'. Cubero (1973) postulated a Near Eastern centre of origin 
with four radii (1) to Europe (2) along the North African coast to Spain (3) Along the 
Nile to Ethiopia and (4) from Mesopotamia to India. Secondary cenfres of diversity 
are posttilated in Afghanistan and Ethiopia. However, Ladizinsky (1975b) reported 
the origin to be Central Asia. The wild progenitor and the exact origin of faba bean is 
still unknown. Several wild species (F. narbomnsis L. and V. galilaea Plitmann and 
Zohary) are taxonomically closely related to the cultivated crop, but they contain 
2n=14 chromosomes, whereas cuhivated faba bean has 2n=12 chromosomes. 
Numerous attempts to cross the wild species to cultivated faba bean have failed 
(Bond et al, 1985). Even though faba bean has been cultivated in many countries, 
60% of the total world production comes from China, which is the main producer of 
this bean (FAO, 1994). In India it is widely cultivated all over the country for the 
beans which are used as vegetable in the winter season. In Europe it is extensively 
cultivated for both immature and fiill grown pods, used as human food while in USA, 
ii is mostly cultivated for cattle feeding. 
1.4.2 Taxonomy, Morphology and Floral Biology 
Viciafaba L. is a leguminous crop belonging to the family Leguminosae (sub-
family Papilionatae which is now called as Fabaceae). The systematic position of 
Viciafaba L. under Bentham and Hooker's system of classification is as follows : 
Division - Phanerogams 
Class - Dicotyledons 
Sub-class - Polypetalae 
Series- Calyciflorae 
Order -Rosales 
Family - Leguminosae 
Sub-family- Papilionatae (Fabaceae) 
Genus - Vicia 
Species - faba 
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Viciafaba L. is an annual herb with quadrangular, coarse sand upright stems, 
unbranded 0.3 to 2 m tall, with 1 or more hollow stems from the base (Bond et al, 
1985; Duke, 1981; Heath et al., 1994). The leaves are alternate, pinnate and consist of 
2-6 leaflets, each up to 8 cm long, elliptic to oblong, obtuse but apiculate and with 
toothed stipules at the base. Unlike most other members of the genus, it is without 
tendrils or with rudimentary tendrils (Kay, 1979; Bond et al, 1985). Flowers are 
large, white with dark purple markings, borne on short pedicels in clusters of 1-5 on 
each axillary raceme but usually between 5* and 10* node. 1 to 4 thick, many seeded 
pods of variable length develop from each flower cluster. The seeds are flattened and 
angled or nearly rounded, and btovm, green, purplish or black in colour. There is a 
robust tap root with profusely branched secondary roots (Bond et al., 1985). 
1.4.3 Chemical composition 
Feeding value of faba bean is high and is considered in some areas to be 
superior to other legumes. The broad beans have a relatively high content of proteins 
and carbohydrates. Wide variation in the protein content (20-41%) has been reported 
in faba beans (Chevan et al, 1989). Protein concentration is influenced by both 
genetic as well as environmental factors. The whole dried seeds contain (per 100 g) 
344 calories, 10.1% moisture, 1.3 g fat, 59.4 g total carbohydrate, 6.8 g fibre, 3.0 g 
ash, 104 mg Ca, 301 mg P, 6.7 mg Fe, 8 mg Na, 1123 mg K and 162 mg tryptophan. 
The vitamin values recorded for dry broad beans are 0.54 mg thiamine, 0.29 mg 
riboflavin, 2.3 mg niacin, 4 mg ascorbic acid and 100 I.U./IOO g vitamin A. The dry 
beans also contain pantothenic acid (5000 mg/100 g) and biotin (3 mg/100 g). The 
vitamin C content increases rapidly when the dry beans are soaked in water. The 
broad bean proteins consist of globulins, albumins and glutelins. They also contain 
two minor proteoses. Two globulines, viz. legumin and vicilin, and one albumin, 
legumelin, have been identified. Legumin is the major protein of broad bean. The 
essential amino acids of broad beans are agrinine, histidine, lysine, tryptophan, 
phenylalanine, methionine, threonine, leucine, isoleucin and valine. Starch constitutes 
the major carbohydrate of the mature bean. It consists almost entirely of amylase units 
in mature, but half as much in immature seeds. 
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1.4.4 Uses 
Faba bean is one of the oldest crop known by man and used as a source of 
protein and carbohydrate for both human beings and the animals. Its critical role in 
crop rotation in reducing energy cost, improving physical conditions of soil and 
decreasing the diseases and weed population has long been recognized. It is used as 
human food in developing countries and as animal feed, mainly for pigs, horses, 
poultry and pigeons in industrialized countries. It is cultivated for the sake of its broad 
pods used as vegetable either green or dried, fresh or canned and for stock feed (green 
fodder and hay). The dry seeds are the common article of food and are consumed in 
large quantities throughout the year. They have a good flavour and are considered to 
be nutritive. Seeds are eaten green as well as dry or even groimd into flour. The 
roasted seeds are eaten as peanuts in India (Duke, 1981) and are also used as 
substitute of coffee seeds. The ripe seeds are extensively used for feeding livestock 
either as whole beans or ground into a meal. It is a common breakfast food in the 
Middle East, Mediterranean region, China and Ethiopia (Bond et al., 1985). The most 
famous dishes of faba beans are medamis (stewed beans), falafel (deep fried 
cotyledon paste with some vegetables and spices), bissara (cotyledon paste pourerd 
onto plates) and nabet soup (boiled germinated beans (Jambimathan et al, 1994). It 
has been considered as a meat extender or substitute and as a skim-milk substitute. 
Sometimes grown for green manure but more generally for stock feed. 
As the traditional medicine faba beans are said to be used as diuretic, 
depurative, anti-rheumatic, expectorant and tonic. Faba beans contain small amount of 
several possible antinutritional factors. Inhalation of the pollen or ingestion of the 
seeds may incite the condition known as favism, a severe hemolytic anemia, perhaps 
causing collapse (Smart, 1990). It is an inherited enzymatic deficiency occurs 
occasionally among Mediterranean people (Greek, Italian). 
1.4.5 Cytology 
As a cytogenetic material Viciafaba L. has the advantage of having six pairs 
of relatively large chromosomes (2n=12) that are excellent for assessing chromosomal 
aberrations. The material is easily available, easy to grow and handle, it has made it 
an ideal choice of geneticists and plant breeders and has received considerable 
attention for its improvement by many workers all over the world. Root tips and 
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pollen mother cells of Viciafaba L. have been most frequently used plant material for 
assessing the chromosomal damage. 
1.5 OBJECTIVES 
Crop improvement depends upon the magnitude of genetic variability present 
in base population. The conventional approaches of plant breeding have exploited the 
available genetic variability in broad bean. As a result of the use of these conventional 
approaches for the longer period, there has been significant decline in genetic 
variability which has led to a narrow genetic base of this crop. Since the genotype of 
Viciafaba L. is homozygous because of being self pollinated leading to little progress 
in crop improvement, it needs induction of variations to facilitate genetic 
improvement by mutation breeding. Mutation breeding technique is the best method 
to enlarge the genetically conditioned variability of a species considerably within a 
short period of time. The literatures indicate that the enormous amount of variability 
can be generated in the different pulse species for selection through induced 
mutagenesis. Unlike the cereals, the reports on induced mutagenesis in broad bean are 
not very extensive. The information on relative specificity and recovery of mutations 
is a pre-requisite for practical mutation breeding. Induced variability, which is most 
useful in plant breeding programme is generally obtained through the use of mutagens 
which have remarkable possibilities of improving plants with regard to their 
qualitative and quantitative characters. In the present studies, attempts have been 
made to explore the possibilities of inducing alterations in the genotype to enhance 
the genetic variability and increase the yield potential of broad bean through the use 
of physical and chemical mutagens individually as well as in combination. 
The main objectives of the present study are : 
1. To study the effect of physical and chemical mutagens i.e., methyl methane 
sulphoante (MMS), gamma rays (y -rays) and their combination treatments on 
various biological parameters in Mi generation. 
2. To study the meiotic behaviour of chromosomes after various treatments of 
physical and chemical mutagens in Mi generation. 
3. To study the effect of individual and combination treatments of physical and 
chemical mutagens on the induction of variability in quantitative characters in 
Ml generation. 
4. To compare the sensitivity of two varieties of broad bean viz., var. PRT-7 and 
var. PRT-12 to the different mutagenic treatments. 
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CHAPTER - 2 
REVIEW OF LITERATURE 
The chapter deals with the literaturtal survey of effect of mutagens on various 
aspects of Viciafaba L. and other related crops with an aim to understand the use of 
induced mutations in crop plants. It includes the extensive research work done by 
different workers in mutation breeding programmes. 
2.1 SOME CONCEPTS IN INDUCED MUTAGENESIS 
The success of plant breeding basically depends on the amount of variability 
available in a crop species. Any character can be improved only through the 
processing of the genotype that has the accumulation of both so-called positive and 
negative genes. For this, induced mutations come handy for making specific alteration 
in the genotypes and for enhancing the genetic variability in polygenic traits. Induced 
mutagenesis has immense potential in creating genetic variability among naturally 
exhausted population which is utilized in selection programme for obtaining desirable 
improvement. It is a significant tool to break through the limitations of variability and 
to create variability in a short period of time (Akgim and Tosun, 2004; Yaqoob and 
Rashid, 2001). However, an efficient genetic improvement of a cultivar depends on 
the knowledge of mode of gene action, genetic variability and the interrelationship 
among important plant characters. For long time, induced mutagenesis has been 
successfiilly utilized in creating artificial for the improvement of crop plants. 
Induced variability which is most usefiil in plant breeding programmes, is 
generally obtained through the use of mutagens. The idea of inducing mutations 
artificially and their subsequent utilization in crop improvement was put discovery 
that ionizing radiations (MuUer, 1927 and Stadler, 1928) and chemical compounds 
(Auerbach and Robson, 1942) can substantially induce mutations, considerable 
optimism was generated regarding the practicability of the induced mutagenesis for 
the improvement of various crop plants. Thus during the last several years different 
mutagens have been used by various workers to induce genetic variability in crop 
plants (Gustafsson, 1965; Gaul, 1965; Nilan et al, 1977; Kanaklata, 1995; Karpate, 
1995; Karpete and Choudhary, 1997). 
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Mutagens have remarkable potential of improving plants wdth regard to their 
qualitative and quantitative characters; and where appropriate selection has been 
applied, improvement in yield (Brock, 1965; Gregory, 1968), adaptability 
(Gustaffson, 1965), maturity time (Brock, 1970) and numerous other traits 
(Sigurbjomson and Micke, 1969) have been reported. 
Various classes of chemical and physical mutagens differ in their efficiency in 
inducing mutations and spectrum of mutations induced. Ever since the discovery that 
mutations could be produced artificially one of the aims of studies on mutations has 
been to find the treatment/combinations of the mutagens that could induce higher 
magnitude of usefiil mutations. Combination of different mutagens, provided their 
mutation induction process is independent and capable of interaction should increase 
the mutation fi-equency and alter the mutation spectrum (Sharma, 1970). Some of the 
monofunctional alkylating agents, ethyl methane sulphonate (EM) in particular, have 
been shown to be more efficient in the induction of mutations than radiations. As 
certain genes are mutated by radiations and not by EMS (Favert, 1960) and the 
mutation spectrum induced by the radiations and chemical mutagens is different 
(Heiner et al., 1960; Ehrenberg et al. 1961). It was thought of interest to find the 
mutation fi-equencies when the physical and chemical mutagens were used in 
combination by many workers (Khalatkar and Bhatia, 1975; Gupta and Yashvir, 
1975; Jayabalan and Rao, 1987a; Suganthi and Reddy, 1992). 
Alkylating agents are, by far, the most extensive and important groups of 
mutagens. However, only a few of the mutagens belonging to the group of alkylating 
agents such as, ethyl methane sulphonate (EMS), methyl methan sulphonate (MMS), 
diethyl sulphate (dES), ethyl imine (EI) and N-nitroso-N-methyl urea (NMU) have 
been reported to be most effective (Rapoport, 1962, Swaminathan (1966, IAEA, 
1970). 
Our knowledge on the fundamental aspects of the mutational processes and 
the mechanism of action of various physical and chemical mutagens and their 
combinations has been fairly widened (Blixt and Gottschalk, 1975; Gottschalk, 1978a, 
1978b; Gottschalk and Wolf, 1983; Sharma, 1985 and Khan, 1986). Though there are 
several unanswered questions regarding the classification and mechanism of actions 
of mutagens, yet a more comprehensive account of them was given by Sharma 1985. 
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Mutagens affect the metabolism of individuals and influence the activity or 
synthesis of enzymes and growth regulators (Khanna and Maherchandani, 1980; Jain 
and Khanna, 1987). Such harmful effects of mutagens lead to various forms of 
physiological expression of damage such as, retarded plant growth, induction of 
mutations, sterility and death. Radiations have been found to produce genetic changes 
such as mutations, chromosomal rearrangements and disturbances in the cell division 
(Khanna and Maherchandani, 1981a; Khanna, 1986; Singh and Khanna, 1988). Low 
doses of radiations have been found to have a stimulatory effect in different crops 
(Sparrow, 1966; Khanna 1988). 
For combined treatments of gamma radiations and chemical mutagens on 
seeds, the mutagenic effects were reported to be synergistic when radiation was given 
first followed by chemical treatment (Nilan et al., 1962; Sharma, 1970), when 
treatments were given in the reverse order, the mutagenic effects were not synergistic 
(Sharma, 1970). Favert (1963) and Doll and Standfer (1969) however, could not 
obtain any synergistic interaction between radiation and chemical mutagen treatments. 
In chickpea, intentional exposure of seeds to various mutagens has produced many 
new and desirable characteristics (Kalia et al., 1981; Haq et al., 1989; Hussan and 
Khan, 1991). 
2.2 DOSE EFFECT/L.D.-50 
One of the most crucial requirements for a successful mutation breeding 
programme is the selection of an effective and efficient dose of mutagen for 
mutagenizing the starting material. The dose required for high mutation efficiency of 
a physical or chemical mutagen depends on the properties of the mutagenic agents 
and of the biological system in question. In general, the dose effect of a physical or 
chemical mutagenic treatment comprises several parameters, of which, the most 
important are dose rate, concentration, duration of treatments, temperature and pH 
during treatments. 
A dose which restricts survival to 50 percent (LD50) a growth to 50 percent 
(GR50) gives an idea bout the appropriate dose of mutagen in an experiment on 
induced mutagenesis. In chickpea, Singh (1988a) reported LD-50 values for gamma 
rays at 460 GY (var. G 130) and 483 GY (var. H 208) and for EMS at 0.25% (var. G 
130) and 0.2% (var. H 208). In both the varieties 0.4% EMS treatment was most 
13 
Review of Literature 
lethal. Kharkwal (1981a) reported higher lethality in 0.2% EMS in comparison to 400 
GY and 500 GY ganuna rays. Higher LD-50 values for gamma rays in chickpea in 
comparison to other pulse crops such as 300 GY in black gram (Khan, 1988a), 200 
GY in lentil (Singh, 1983) and 100 GY in pea (Singh, 1988b) indicate its greater 
resistance to the mutagen. Further, differences have been observed for LD-50 values 
in different chickpea varieties which is attributed to their differential radio-chemo 
sensitivity. A decline in the survival of a mutated population has been associated with 
an increase in the dose of mutagen (FArooq and Nizam, 1979a; Singh, 1988), which 
may have resulted from cytogenetic damage and/or physiological disturbances as also 
reported earlier by Sato and Gaul (1967). 
Both gamma rays and EMS have been shown to have a dose related reduction 
in seed germination and pollen fertility (Nerker, 1970; Rao and Laxmi, 1980; Khanna 
and Maherchandani, 1981a; Gautam et al, 1992). Dose linked effectiveness of EMS 
and gamma rays was noted in chickpea in terms of germination, reduction in pollen 
fertility, chlorophyll mutations and seedling height (Kharkwal, 1981 a; Khanna, 1991; 
Gumber et al, 1965). Similar effects were also reported in peas (Salim et al. 1974), 
pearl millet (Singh et al, 1978), Lens culinaris (Sharma and Sharma, 1981b), Arachis 
hypogaea (Venkatachalam and Jayabalan, 1995) and Nigella sativa (Mitra and 
Bhowmik, 1999). 
2.3 MUTAGENIC SENSITIVITY 
It is well known that the same mutagen dose can cause different degrees of 
effect in different species. Varied mutagenic sensitivity in different genotypes was 
first reported by Gregory (1955) in groundnut and Lamprechet (1956) in peas. 
Prasad and Das (1980c) studied the mutagenic sensitivity of gamma rays and 
methyl methane sulphonate (MMS) in different varieties of Lathyrus sativus L. They 
observed differential mutagenic response in terms of chlorophyll mutations. Similar 
varietal differences were recorded in the production of non-viable chlorophyll 
mutations in Nigella sativa (Mitra and Bhowmik, 1999) following gamma rays and 
EMS treatments. Sharma and Sharma (1981a) observed differential mutagenic 
response of gamma rays and NMU in microsperma and macrosperma lentils. 
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Venkatachalam and Jayabaln (1995) while using EMS, sodium azide and 
gamma rays found distinct varietal differences in groimdnut {Arachis hypogaea). 
Geetha and Vaidyanathan (1997) observed different phenotypic response of two 
soyabean cultivars to ethidium bromide and gamma rays. Differences in radio-
sensitivity were also reported by Khan (1999) in blackgram, Nerker (1976) in 
Lathyrus sativus and Anis et al. (1999) in Urd bean. Akbar et al. (1976) concluded 
that differences in radio-sensitivity may be due to differences in their recovery 
process involving enzyme activity. In chickpea, Kharkwal (1998b) reported that 
varieties of desi type were more resistant towards mutagenic treatments than Kabuli 
and green seeded types. 
Mutagenic response to cytological aberrations has been reported by many 
workers (Rao and Laxmi, 1980; Suganthi and Reddy, 1992). Mitra and Bhowmik 
(1996) observed no varietal differences with regard to mitotic index as well as meiotic 
abnormalities in Nigella sativa L., Both the cultivars of Nigella saliva were found 
equally radiosensitive. Ahmad (1978) and Ahmad and Godward (1981) reported 
radio-sensitivity in nine cultivars of chickpea. Out of these, two cultivars CSIMF and 
FIO were identified as the most radio-resistant and radio-sensitive respectively. 
Kharkwal (1981a) reported mutagenic sensitivity in four varieties of chickpea on the 
basis of total germination rate, seedling damage, pollen sterility and plant survival. 
In general, the varieties with a large assortment of recessive alleles governing 
trait(s) show greater sensitivity and frequency of M2 mutants than varieties having 
more dominant alleles governing a trait (Gelin et al. 1958; Blixt, 1970). The 
mechanism controlling sensitivity to chemical mutagens and X-rays have been 
reported to be different from those determining sensitivity to gamma rays (Sokolov 
and Balchunene, 1977). 
2.4 BIOLOGICAL DAMAGE 
There are many reports to demonstrate the effect of physical and chemical 
mutagens and their combination treatments on different biological parameters such as 
germination, survival, injury, sterility etc. (Bhatacharjee et al, 1998; Khan, 1999; 
Mitra and Bhowmik, 1999; Sareen and Kaul, 1999). 
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Vandana and Dubey (1988) treated the seeds of Viciafaba L. with different 
concentrations of EMS and DES and found that germination, seedling growth, pollen 
fertility, time to maturity and survival were adversely affected by both the mutagens. 
Plant height, branching, number of leaves, pods and seeds as well as yield/plant 
showed varying responses to different concentrations of mutagens. However, DES at 
all doses and EMS only at the highest dose had adversely affected these traits whereas 
the lower dose of EMS had either no effect or a slight promoting effect. 
Gautam et al. (1992) observed a direct relationship of pollen and ovule 
sterility with gamma rays and EMS doses in Vigna mungo, the maximum occurring at 
higher doses. Increase in pollen sterility and decrease in seed germination with 
increasing doses of gamma rays in Capsicum annuum was reported by Rao and Laxmi 
(1980). 
Kumar et al. (1993) treated the seeds of Vicia faba L. with single and 
combined application of 0.75% DES and lOkR y-rays. They recorded reduced 
germination, seedling growth, plant height, number of branches, number of pods, 
number of seeds/pod, test weight, survival percentage and seed yield in the mutagenic 
treatments in addition to increased pollen sterility and delayed maturity. Application 
of y-rays both singly and in combination with DES induced more severe effects than 
application of DES alone. 
Bhatnagar (1984) reported the adverse effects of combined treatments on 
germination and survival of plants in chickpea. Reduction in seed germination with 
the increase in dose of gamma rays in chickpea was reported by Khanna (1981,1991). 
The EMS treatment was found to cause higher sterility than gamma rays in chickpea 
(Kharkwal, 1981b). 
Singh (2003) detected the effect of gamma rays, EMS and their combination 
treatments on germination and survival of plants in Mungbean {Vigna radiata L. 
Wilczek) cultivars namely, T44 and PDMl 1. The germination and plant survival were 
attained highest at lowest doses of mutagens and combination treatments. The 
mutagenic effects were obtained higher at higher doses of both the mutagens 
individually, while in the combination treatments lower doses showed maximum 
effects. Varietal preference to the mutagens was also noticed. 
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Banu et al. (2004) made a comparative study in CO-6 and VBN-1 varieties of 
cowpea (Vigna unguiculata L. Walp) to study the mutagenic effects of gamma rays 
and EMS, Physical mutagen recorded higher percentage of reduction than chemical in 
Ml generation. The mean values of all the characters taken for study i.e. germination, 
survival, plant height, seed fertility and pollen fertility, decreased as the doses of 
mutagens increased and there exist a linear relationship between them. 
Dose dependent decrease in these biological parameters has also been 
observed by Wani et al. (2004) in lentil and Kumar (2005) in Coriandrum sativum 
following treatments with EMS, Dhamayanthi and Reddy (2002) in chilli following 
treatments with y-rays, EMS and MMS and Kirtane and Dhumal (2004) in onion 
following treatments with SA, y-rays and their combination. 
2.5 INDUCTION OF CYTOLOGICAL ABERRATIONS 
Cytological studies during mitosis and meiosis are one of the most dependable 
index to obtain information regarding the role and the effect of the mutagens. It also 
provides considerable clue to assess radio-sensitivity of plants to both physical and 
chemical mutagens. Mutagen induced chromosomal aberrations have been reported 
by many workers in different plants such as in Pea (Kallo, 1972), lentil (Reddy and 
Annadurai, 1992), fenugreek (Anis and Wani, 1997) Capsicum annum (Anis et al. 
2000) and broad bean (Bhat, et al., 2007a). Most of these workers observed dose 
dependent increase in the firequency of chromosomal abnormalities with respect to 
mutagenic treatments. Ignacimutu and Sakthivel (1989) observed a significant and 
positive correlation between chromosomal abnormalities and pollen sterility. 
Reddy et al. (1992) reported meiotic abnormalities in lentil (Lens culinaris 
Medik) induced by y-rays, EMS, SA and their combination treatments. The 
aberrations recorded in Mi generation were quadrivalents, trivalents, ring and rod 
bivalents, unoriented chromosomes, bridges, fragments, micronuclei, pollen sterility 
and number of seeds per plant. Meiotic abnormalities increased with dose, duration 
and concentration of mutagens. Combined treatments exhibited higher abnormalities. 
Mitra and Bhowmik (1996) reported radio sensitivity in two cultivars of black 
cumin {Nigella sativa) after treatments with gamma rays and EMS. Mitotic index was 
found to decrease with increasing dose of mutagens, but the mitotic and meiotic 
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abnormalities showed increasing trends with mutagen doses. They observed no 
varietal differences with regard to mitotic index as well as cytoiogical abnormalities. 
Kumar and Dubey (1998c) studied the effect of y-rays, EMS and DES on 
meiosis, pollen and seed sterility and survival percentage in M\ generation of 
Lathyrus sativus L. High frequency of translocations leading to multivalent 
associations involving varying number of chromosomes were induced in all the 
treatments. There was an increase in meiotic abnormalities with an increase in 
radiation dose individually as well as in combination with a chemical mutagen. 
Highest gamma ray dose individually proved to be most effective in inducing meiotic 
abnormalities. However, this dose combined with DES induced greater pollen and 
seed sterility and lower survival percentage. 
Similar results have also been found by Ahmad (1993) in Cicer arietinum L. 
following treatments with different doses of gamma rays and Singh e( al. (1999) in 
Vigna raidata following treatments with y-rays, EMS and epichlorhydrin (ECH). 
Abbasi and Anis (2002) studied the relative effects of sodiimi azide (SA), 
maleic hydrazide (MH) and dimethyl sulphate (DMS) on meiosis and pollen sterility 
in Trigonella foenum-graecum in Mi generation. Meiotic studies revealed various 
aberrations like stickness, laggards, univalents and multivalents, bridges, precocious 
separation, micro-nuclei, disturbed polarity and cytomixis. Among the different stages 
of meiosis, the frequency of chromosomal aberrations was maximum at metaphase 
stage and shows a linear increase with dose/concentration, with all three mutagens. 
However, DMS induced maximum frequency of aberrations followed by MH and SA. 
Pollen sterility seemed to be the cumulative result of various meiotic aberrations. 
Kumar et al. (2003) carried out the cytoiogical investigations in the 
experimental sets of individual and combined treatments of y-rays and EMS on Lens 
culinaris and observed that the frequency of meiotic irregularities was more in the 
combined treatments than the individual sets. The various types of meiotic 
abnormalities were multivalents univalents, stickiness, precocious movement of 
chromosomes, unorientation, laggards and bridges. Taking the percentage of meiotic 
abnormalities and pollen sterility as an index of effectiveness of a mutagen the 
combination treatment proved to be the most effective. 
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Haroun et al. (2004) observed cytomixis in pollen mother cells of Viciafaba 
L. (Fabaceae). Plant material was collected from the eight different sites, and 
cytomixis has been noted in six of them. Four of these sites recorded high percentage 
of cytomixis, where the two other sites show low concentration of this phenomenon. 
Cytomixis was observed to occur in form of cytoplasmic connection and direct fusion. 
The first type is more frequent than second one. The amount of nuclear material 
transferred from cell to another was variable from small fragments to the entire 
complement bases on the nature of connection, The percentage of pollen fertility is 
clearly affected by cytomixis and abnormalities. Cause of cytomixis in the present 
study almost refer to environmental stress and pollution. 
Singh and Gupta (2004) observed the cytological variations in meiosis induced 
by EMS in Cletoria ternatea L. (Fabaceae) by treating the seeds with the various 
doses of EMS (0.2 to 1%. The abnormalities were also reported in M2 plants but with 
less frequency. 
Verma et al. (2004) induced in broad bean {Viciafaba L.) seven translocation 
heterozygotes (5 with gamma rays and 2 with EMS treatment) and 2 paracentric 
inversion hetrozygotes (in gamma ray treated materials). Three of the translocation 
heterozygotes involved the metacentric chromosome pair whereas the remaining 4 
had translocation in the acrocentric chromosome pairs. The induced translocations 
showed a ring or chain of 4 chromosomes in most of the PMCs at 
diakinesis/metaphase-I. The paracentric inversions were detected as a distinct bridge 
and fragment or loop-fragment observed at meiotic anaphase I/II. All the induced 
mutants showed reduced vigour, less number of basal branches, delayed flowering, 
low flower number, low pollen fertility, reduced number of pods and low seed set as 
compared to those in control plants. 
Kumar and Rai (2005) studied the EMS induced genetic variability in soybean 
{Glycine max). He detected the effectiveness and efficiency of EMS in inducing 
chromosomal aberrations and morphological variations by treating the seeds of 
soybean with EMS for different durations. A nimiber of chromosomal aberrations 
were observed in the treated sets like stickiness, precocious movements, laggards, 
univalents, vmorientation, secondary association, bridges, micronuclei etc. There was 
a progressive increase in chromosomal abnormalities with the increase in dose 
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duration. The study revealed that EMS is capable of inducing a large number of 
chromosomal abnormalities in soybean and also that the 5 hours treatment duration 
was the most suitable dose from practical breeding point. 
Gania et al. (2005) recorded cytogenetic effects of MMS on two varieties of 
chickpea (Cicer arietinum L.) in Mi generation. The various types of meiotic 
abnormalities observed were univalents, multivalents, stickiness, laggards, bridges, 
unequal separation, cytomixis and micro-nuclei. A dose dependent increase in meiotic 
abnormalities was obtained in both the varieties. However, variety BG-372 showed 
high frequency of chromosomal abnormalities as compared to variety GNG-469. 
Taking the percentage of meiotic abnormalities and pollen sterility as an index of 
sensitivity of a genotypes to a mutagen, var. BG-372 was found more sensitive than 
var. GNG-469. 
Bhat et al. (2005a) provided a relative account of cytological and 
developmental effects of gamma rays, EMS and MMS on meiotic features and pollen 
fertility in Viciafaba L, Studies undertaken in Mi generation on the variety minor of 
this species showed that both the physical and chemical mutagens induced various 
kinds of chromosomal aberrations and reduction in pollen fertility. Such effects were 
dose dependent and positively correlated vAth dose/concentration. However, the 
induction of meiotic aberrations was observed to be higher imder MMS freatments 
followed by gamma rays and EMS, suggesting that MMS could be more effective in 
inducing genetic variability followed by gamma rays and EMS in this crop. 
Bhat et al. (2005b) studied the relative effects of EMS and MMS on meiosis 
and pollen sterility in Vicia faba L. var. major in Mi generation. Meiotic studies 
revealed various aberrations like stickiness, laggards, bridges, precocious separations, 
disturbed polarity, cytomixis and non-synchronisation. Stickiness of chromosomes 
was the most common aberration followed by bridges and precocious separation. 
Among the different stages of meiosis the frequency of chromosomal aberrations was 
maximum at metaphase-I stage and showed a linear increase with increase in 
concentration, with both the mutagens. However, MMS induced maximum frequency 
of aberrations than EMS. Pollen sterility was the cumulative result of various meiotic 
aberrations. 
20 
Review of Literature 
Joshi and Verma (2004) isolated one medium strong asynaptic mutant of Vicia 
faba L. (2n=12) from M2 population of 0.2% EMS treated seeds. At diakinesis/ 
metaphase-I of meiosis number of univalents ranged from 2-8 in 90% PMCs in M2 
and 2-4 in 44% of PMCs in M3. A significant decrease in the number of chiasmata in 
this plant as compared to the control was found. The metacentric chromosome pair 
did not show imivalents. The pollen fertility was also reduced by 35%. The 
inheritance of this asynaptic mutant was probably of monogenic recessive type. 
Bhat et al. (2006d) reported cytomixis during microsporogenesis in various 
stages of meiosis in MMS treated populations of Vicia faba L. Cytomixis was 
observed to occur through various methods, i.e. by forming cytoplasmic channels and 
direct fusion of pollen mother cells. The migration of nuclear content involved all the 
chromatin/chromosomes or part of it from donor to recipient cell/cells. The 
occurrence of PMCs with chromosome numbers deviating from diploid number 
(2n=12) through the process of cytomixis lead to the production of aneuploid cells in 
all the populations treated with various concentrations of MMS. Increasing 
concentration of MMS had a positive effect on the percentage of PMCs showing 
cytomixis. The level of pollen fertility was found to be affected by cytomixis and 
chromosome stickiness. It seems possible that genetic factors might have also 
contributed towards pollen sterility. 
Bhat et al. (2006a) carried out the meiotic studies in two varieties of Vicia 
faba L. viz., major and minor after treatment with different concentrations of EMS. 
Different types of meiotic abnormalities such as stickiness, imivalents, multivalents, 
unorientation of chromosomes, precocious separation of chromosomes at metaphase, 
bridges, laggards and imequal separation of chromosomes at anaphase were recorded. 
The meiotic aberrations in both the varieties were dose dependent, however, Vicia 
faba L. variety minor showed more chromosomal aberrations as compared to Vicia 
faba L. variety major at the same treatment. 
Bhat et al. (2006b) studied the relative effects of EMS on meiosis and pollen 
fertility in Viviafaba L. var. minor in Mi generation. Meiotic studies revealed various 
aberrations like stickiness, laggards, bridges, precocious separations, disturbed 
polarity, cytomixis and non-synchronisation. Stickiness of chromosomes was the most 
common aberration followed by bridges and precocious separation. Among the 
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different stages of meiosis the frequency of chromosomal aberrations was maximum 
at metaphase-I stage and showed a Unear increase with increase in concentration of 
the mutagen. Pollen sterility was the cumulative result of various meiotic aberrations. 
2.6 MUTAGENIC EFECTIVENESS AND EFICIENCY 
The usefulness of any mutagen in plant breeding depends not only on its 
effectiveness but also upon its efficiency. Mutagenic effectiveness is a measure of 
frequency of mutations induced by imit mutagen dose, whereas, mutagenic efficiency 
is the measure of proportion of mutations in. relation to undesirable changes like 
lethality, injury, sterility, mitotic and meiotic chromosomal aberrations etc. In other 
words, the higher efficiency of a mutagen indicate relatively less biological damage. 
A highly effective mutagen may not necessarily show high efficiency and vice versa. 
Synergistic as well as antagonistic effects may occur when various physical and 
chemical mutagens are used in combination. 
A distinction between effectiveness and efficiency of mutagenesis has been a 
major experimental activity in the past. The purpose of this exercise was to identify 
criteria by which efficient mutagen and mutagenic doses can be selected on the basis 
of analysis of Mi parameters (Konzak et ah, 1965). A generalized conclusion from 
years of fertile academic activity was that none of the M| parameter reflects mutagen 
efficiency as a uniform criterion. This is not entirely unexpected because induced 
mutations are manifestations of complex biological events which are profoundly 
influenced by numerous factors like genotype of the freated organism and post 
mutagenic treatment conditions. 
Effectiveness and efficiency of different mutagens vary distinctly. Ethylene 
imine has been reported to be more effective and efficient than gamma rays (Blixt, 
1964). Higher mutagenic effectiveness of MMS was recorded in rice (Rao and Rao, 
1983). Dixit and Dubey (1986) observed that NMU treatment was 2-5 times more 
efficient in comparison with gamma rays, whereas combined treatments showed 
higher efficiency than respective individual treatments. Higher efficiency of 
combination treatments has also been reported in barley Khalatkar and Bhatia, 1975), 
Khan (1999) studied the effectiveness and efficiency of EMS, ganvma rays and their 
combination in black gram. Lower doses of mutagens were found more effective, 
while gamma ray treatments were more efficient than EMS and combined treatments 
22 
Review of Literature 
in producing chlorophyll mutations. Lower doses of physical and chemical mutagens 
and their combinations were found more effective and efficient by many workers 
(Prasad, 1972; Sharma and Sharma, 1981a, Chemical mutagens have been reported to 
be more effective in causing mutations as compared to gamma rays and combined 
treatments by many workers (Swaminathan et al. 1962; Bhattacharjee et al., 1998). It 
has been reported that among the monofunctional mutagens, methylating agents are 
more toxic and thus, need to be used only at lower concentrations (IAEA, 1970) as 
against ethylating agents that are reported to be less toxic and can be applied at 
relatively higher concentration to yield more mutations at equimolar concentrations. 
Comparative mutagenic effectiveness and efficiency of physical and chemical 
mutagens in chickpea has been reported by Kharkwal (1998a). Chemical mutagens 
have been foimd to be more efficient in inducing chlorophyll as well as viable and 
total number of mutations. NMU in particular was foimd not only to be effective but 
also efficient than gamma rays and EMS. 
With a view to enhance the mutation rate and also to alter the spectrum of 
mutations, many variations in treatment methodology have been used by different 
workers. Treatments with chemical mutagens have been given to dry as well as 
soaked seeds, seedling at different developmental stages, different phases of cell cycle 
at variable temperature and ionic concentrations (Chopra and Pai, 1979). Ramanna 
and Natrajan (1965) studied the mutagenic efficiency of certain alkylating agents 
under different treatment conditions of temperature and hydrogen ion (pH) 
concentration in barley. They concluded that factors such as concentration and 
diffusion of the mutagen, rate of hydrolysis and the influence of alkylating and non-
alkylating groups of the chemical play a considerable role in determining the 
mutagenecity of a compound. 
Kumar and Dubey (1998c) studied mutagenic effectiveness and efficiency of 
y-rays, EMS, DES and their combination in Lathyrus sativus L. and reported an 
increase in injury with increasing radiation dose in individual as well as in combined 
treatments (y-rays + EMS and y-rays + DES). A substantial amount of sterility was 
induced in almost all treatments. The efficiency of individual EMS and DES 
treatments was 2 to 3 times higher in comparison to most other mutagenic treatments. 
EMS proved to be more effective than DES. 
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Banu et al. (2001) assessed the mutation frequency, effectiveness and 
efficiency of gamma rays and EMS in cowpea varieties (Co-6 and Vamban 1). 
Mutagenic effectiveness was higher at lower dosage and lower at higher dosage level. 
When comparing both the mutagens, EMS was found to be efficient in giving 
maximum mutations in Co-6, while in VBN 2, gamma ray treatments in general foimd 
to be efficient in providing more mutations. 
Parveen et al. (2006) studied the efficiency and effectiveness of physical and 
chemical mutagens in inducing chlorophyll mutations in M2 generation of Trigonella 
foenum graecum L. A comparative study of the frequency of and spectrum of 
chlorophyll mutations induced by MMS, EMS and gamma rays in M2 generation was 
made in two varieties of Trigonella foenum-graecum viz. Paras-9018 and Krishna-
9001. Four different types of chlorophyll mutants viz., Albina, Xantha, Chlorina and 
Maculata were identified in the treated populations. Frequency of Xantha mutants was 
highest followed by chlorina and other types. Gamma arrays in general proved to be 
more effective followed by EMS and MMS in inducing maximum frequency of 
chlorophyll mutations (gamma rays > EMS > MMS). A significant variation 
efficiency increased with an increase in the dose of all mutagens. 
Shah et al. (2008) detected the comparative mutagenic effectiveness and 
efficiency of gamma rays and EMS in two desi (Pb2000 and C44), one Kabuli (Pbl) 
and one desi x kabuli introgression line (CH 40/91) of chickpea. The results revealed 
that EMS was almost seven times more effective and its efficiency was two times 
higher than that of gamma rays. Mutagenic effectiveness and efficiency were found to 
depend upon mutagen type and the genotype and both were higher at lower doses of 
EMS in three genotypes except in desi genotype C44. The introgression line desi X 
kabuli genotype was found to be most resistant towards mutagenic treatments than 
desi and kabuli types. 
2.7 CHLOROPHYLL MUTATIONS 
The chlorophyll mutation is the clear-cut indication of non directional nature 
of mutation and possibility of induction of useful mutations. Chlorophyll mutations 
are considered as one of the most dependable indices for evaluating the genetic effects 
of different mutagens in several crops (Gustaffson, 1951) and are used as genetic 
markers in basic and applied research (Reddy and Gupta, 1989). Different types of 
24 
Review of Literature 
chlorophyll mutations such as albina, xantha, viridis, maculata, striata, chlorina etc. 
have reported in several crops by using physical and chemical mutagens 
(Swaminathan et al., 1962; Reddy and Annadurai, 1991; Das and Kurdagrami, 2000). 
Prasad and Das (1980c) observed different types of chlorophyll mutations viz. 
albina, xantha, albo-xanthalba, alboviridis, virescence, chlorina, tigrina and maculata 
in six varieties of Lathyrus sativus L. The spectrum of chlorophyll mutations was 
found to be dependent on the genetic background of the genotype. Moreover, 
chlorophyll mutation frequency increased with the increase in dose of gamma rays 
both individually as well as in combination with MES in all the varieties. Contrary to 
this, Mitra and Bhovwnik (1999) reported that lower doses of gamma rays and EMS 
showed wider spectrum of chlorophyll mutations in Nigella sativa L. Sharma (1970) 
reported that chlorophyll mutation frequency decreased at higher doses when 
calculated on segregating Mj families basis. However, on the basis of M2 plants a 
progressive increase with the increase in EMS doses was observed. Several workers 
have reported differential varietal response for the induction of chlorophyll mutatiosn 
(Prasad and Das, 1980c; Singh et al, 1999; Das and Kundagrami, 2000). Sharma and 
Sharma (1981a) observed no varietal or mutagenic differences with regard to the 
spectrum and relative proportion of chlorophyll mutations. 
Chemical mutagens in general, have been reported to be more effective than 
physical mutagens in inducing maximum chlorophyll mutations (Reddy, 1989; 
Kharkwal, 1998b; Singh et al, 2000a). Combination treatments of physical and 
chemical mutagens alter the mutation frequency and spectrum (Favert, 1963; Bhat et 
al, 2007b). Singh et al (1999) reported that combined treatments of gamma rays and 
EMS were most effective in producing chlorophyll mutation frequency than their 
individual treatments in Vigna mungo. Synergistic effect of combined treatments of 
gamma rays and EMS for the induction of chlorophyll mutations in barley was 
reported by BChalatkar and Bhatia (1975). Similar synergistic effects were also 
reported in blackgram (Gautam et al, 1992) in the combination treatments of gamma 
rays and EMS. 
Kharkwal (1998b) reported highest frequency of albina followed by chlorina 
and xantha after treatments with physical and chemical mutagens in chickpea. An 
earlier study in chickpea (Lysikov et al, 1967) reported higher frequency of 
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chlorophyll mutations in combined treatments of physical and chemical mutj^ens. 
The frequencies of the various types of chlorophyll mutations in different varieties 
with different mutagens have been found markedly different. 
Kharkwal (1999) made a comparative study of frequency and spectrum of 
chlorophyll mutations induced by two physical (gairmia rays and fast neutrons) and 
two chemical mutagens (NMU and EMS) in relation to the effects of Mi plants and 
induction of mutations in M2 was made in four chickpea (Cicer arietinum L.) 
varieties, two desi (G130 and H214) one Kabuli (C 104) and one green seeded (L 
345). Chemical mutagens were more efficient than physical in inducing viable and 
total number of mutations. Among the chemical mutagens NMU was the most potent, 
while among the physical mutagens, gamma rays were more effective. Green seeded 
var. L 345 was most responsive for mutations while the Kabuli var. C 104 was least 
suitable. Major differences in the mutagenic response of the four cultivars were 
observed. The desi varieties were more resistant towards mutageiuc treatment than 
Kabuli and green seeded types. 
Singh et al. (1999) observed the mutagenic effects of gamma rays and EMS 
alone or in combination on frequency and spectrum of chlorophyll and 
macromutations in two cultivars, namely PDU, and T-9 of urdbean have been 
observed. Conclusively, the combination treatments have yielded the higher 
frequency and spectrum of chlorophyll mutations whereas the various doses of 
mutagenic agents have independent response towards macromutations in both the 
cultivars. 
Waghmare anad Mehra (2000) assessed the spectrum and frequency of 
chlorophyll mutations in M2 generation in P 27 an improved cultivar of Lathyrus 
sativus with a range of gamma rays and EMS. Both, gamma rays and EMS induced a 
wider spectrum of chlorophyll mutations. Certain chlorophyll mutations such as 
clorina, followed by chlorotica and xanatha were found more frequent than others, 
indicating preferential induction of certain type of mutations. Fairly high frequency of 
chlorophyll mutants was obtained with EMS than in gamma rays. Dose dependent 
increase in chlorophyll mutation rate was observed based on plant population and 
segregating progenies in M2 generation. Majority of segregation progenies yielded 
only one type of chlorophyll mutation and with an increase in the number of 
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mutational events frequency of segregating families reduced. Both mutagenic 
effectiveness and efficiency were higher at lower doses of the mutagen. Mutagenic 
effectiveness and mutagenic efficiency were higher with EMS treatments indicating 
EMS as more effective and efficient mutagen than gamma rays. 
Koli and Ramkrishna (2002) imder took a systematic and comparative study of 
mutagenic effectiveness and efficiency of gamma rays, EMS and SA (employed 
singly and in combination) based on fi"equency and spectrum of chlorophyll and 
macromutations in M2 generation in fenugreek. The results indicated that 
effectiveness of treatment O.SOmM sodium azide was found most effective whereas, 
0.45 percent EMS was foimd most efficient as compared to other treatments. Overall, 
higher effectiveness and efficiency of mutagens were recorded in sodium azide and 
gamma rays, respectively. In general effectiveness and efficiency decreases with the 
increase in doses or concentrations of mutagens. The effectiveness and efficiency 
showed differential behaviour in order to their relationship with mutation rate 
(positive relation in physical mutagen i.e. gamma rays and negative relation in 
chemical mutagen i.e. EMS and SA). 
Wani and Anis (2004) made a comparative study of the frequency and 
spectrum of chlorophyll mutations induced by gamma rays, EMS and combinations in 
M2 generation in two varieties of chickpea viz., pusa-212 and pusa-372. Six different 
types of chlorophyll mutants viz, albina, chlorina, maculata, tigrina, virescence and 
xantha were identified in the treated populations. Frequency of xantha mutants was 
highest followed by chlorina and other types. Combination treatments in general 
proved to be most effective followed by EMS and gamma rays in inducing maximum 
frequency of chlorophyll mutations. A significant variation in varietal response was 
observed. The coefficient of interaction was less than additive, but synergistic effect 
was also observed. 
Yadav and Padmaja (2004) studied the induced chlorophyll mutations in the 
two varieties of Cajanus cajan (L) Millspaugh, viz. KPL 93115 and ICPL 93117, 
following the treatments of gamma rays and EMS. The chlorophyll mutants were 
quantified on the bases of M2 seedlings and their fi-equencies were evaluated variety-
wise and mutagen-wise for understanding mutagenic effectiveness of mutagens y-rays 
and EMS used singly and in combination. Based on the fi-equency of chlorophyll 
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mutants, ICPL 93117 variety appeared to be more responsive to y-rays as well as 
EMS. Further, optimum results generated at 25 kR of Y-rays and 0.2% EMS indicated 
effectiveness of these doses. 
Sharma et al. (2006) estimated the spectrum and frequency of chlorophyll 
mutation by using gamma rays, EMS and their combination on two cultivars, namely, 
Pant Urd-19 and Pant Urd-30 of urdbean (Vigna mungo L. Hepper). Five different 
types of chlorophyll mutations viz., albina, xantha, viridis, chlorina and maculata 
were identified in both the cultivars. Almost all the combination treatments produced 
maximum frequency and wider spectrum of chlorophyll mutations followed by single 
treatment of gamma rays or EMS. The frequency of chlorophyll mutations increased 
with higher doses of mutagens but decrease at highest dose. 
2.8 MUTATIONS AFFECTING PLANT MORPHOLOGY 
The availability of ample genetic variability is pre-requisite for attempting 
selection in plant breeding to develop desired plant types in any crop. Several induced 
morphological mutations have been reported in literature showing alterations in the 
morphology of various plant parts. 
Singh (1988a) isolated 25 types of morphological mutants for plant habit, 
stem, leaf, height, flower and seed characters. Generally, physical mutagens induce 
more morphological mutations and chemical mutagens induce more chlorophyll 
mutations (Gaul, 1960; 1964). Contrary to this, Singh 1988a) observed that EMS 
induced marginally more morphological mutations than gamma rays. Peiotropic effect 
of morphological mutations was reported by Deshmukh et al. (1972). According to 
Blixt (1972) morphological changes are either as a resuU of pleiotropic gene action or 
of cryptic chromosomal deletions. 
Variation in size, texture, type and modification of leaf parts have been 
reported by many workers (Patil, 1966; Venkatarajam and Subhash, 1986). Several 
workers have also reported mutants for plant height, maturity period, branching, seed 
and pod mutants (Raisinghani and Mahna, 1994 in Vigna Mungo; Mary and 
Jayabalan, 1995 in Sesamum Indicum; Singh et al (1999) isolated several 
macromutations affecting different morphological character in Vigna mungo L. after 
treatments with gamma rays and EMS. Gamma rays induced bold seeded mutant was 
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reported in broad bean (Bhat et ah, 2006a). The frequency of viable mutations has 
been found to increase with increase in the dose of EMS, NaNa and their 
combinations with gamma rays (Thakur and Sethi, 1995). Sharma (1970) reported 
synergistic effect for viable mutations at lower combination treatments as against the 
additive effect observed at the higher doses. He further reported that the combination 
treatments changed the spectrum by inducing more mutation types that were not 
observed in the separate treatments. 
In chickpea, morphological mutants have been isolated for leaf shape 
(Kharkwal, 1981a), plant habit (Kharkwal, 1981b), grovrth habit, maturity, seed size 
(Vanniarajan et al., 1993), Seed weight and total pods per plant (Khanna, 1981) and 
flowering period (Haq et al. 1989). Mutants have been isolated after seed treatment 
with physical and chemical mutagens. A wide range of mutants affecting habit, pod 
distribution, seed size and shape, earliness and resistance to Ascochyta rabiei were 
also obtained in chickpea due to seed treatment with gamma rays and EMS (Dekov 
and Radkov, 1982). 
Gaikwad and Kotheker (2003) treated the seeds of two lentil cultivars, L-4611 
and L-4639 with 3 different concentrations of 2 chemical mutagens, EMS and SA. 
Nine morphological mutants were isolated in M2 and M3 generations. These 
morphological mutants were named on the basis of the part of the plant body affected. 
Among them the early maturity, high yielding and bold seed type mutants have the 
potential to be incorporated into breeding programs. 
Sharma and Kumar (2003) observed EMS induced macromutants in chickpea 
{Cicer arietinum L.) when treated the seeds with EMS (0.5%) at different durations. 
The morphological mutants were characterized on the basis of the part of the plant 
body affected. These mutants can be better fitted in new cropping patterns and with 
improved agronomic management, their yield ability may even be better. 
Singh et al. (2004) treated the seeds of two improved cultivars of urd bean 
(Vigna mungo L. Hepper), namely, PDUl and T9 with single and combined 
doses/concentrations of gamma rays, EMS and SA. A number of various types of B 
morphological macromutations -were induced in M2 generation. Out of these, 14 
mutants from PDUl and 13 from T9 were identified as true breeding for plant 
morphology, pod and seed characters and early maturity in M2 generation. Many 
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macro mutants showed significant improvement in yield and other yield components 
as compared to their parents. 
Sangsiri et al. (2005) detected gamma rays induced mutations in mung bean 
{Vigna radiata (L.) wilczek) when treated the seeds of two mung bean varieties and 
their Fi and F2 with gamma rays Cs-137 source) at the dose of 500 Gy. Mutant 
characters were grouped as chlorophyll, leaf, flower and pod mutants. Chlorophyll 
mutations included albino, coppery leaf, light green leaf, variegated leaf, waxy leaf, 
white streak leaf, and xantha leaf Leaf mutations were lanceolate leaf, narrow-rugose 
leaf, multiple leaflet, round-cuneate leaf, unifoliate leaf, and wrinkled leaf. The flower 
mutant was cock's comb raceme while the pod mutant was a lobed one. All mutants 
were purified for genetic study and possible uses of the traits. 
Solanki (2005) isolated twelve kinds of morphological mutations included 
changes for growth habit (compact, bushy, prostrate), foliage (narrow, broad, rogue, 
tendrillar), plant height (tall, dwarf), maturity and flowering behaviour (early, late, 
sterile) in lentil by EMS and SA treatments. The mutations for growth habit and 
foliage were induced v^th higher frequency by EMS, whereas those for plant height 
and maturity and flowering behaviour were induced with higher frequency by SA on 
the basis of sterility, SA was found more effective and efficient than EMS. 
Kulthe and Kothekar (2006) observed induced morphological mutants in 
winged bean (Psophocarpus tetragonolobus (L.) DC). The seeds of winged bean var. 
EC 38955 (A) were treated with three concentrations of two chemical mutagens, 
namely ethyl methane sulphonate (EMS) and nitrosomethyl urea (NMU). Various 
morphological mutants were recorded in M2 and M3 generations. These 
morphological mutants were named according to their morphology or special 
characters. Nine different mutants were isolated within which high yielding, early 
maturing, dwarf, non-shattering pod mutants have useful potential and are indicative 
of the genetic improvement of winged bean crop. 
2.9 DESIRABLE MUTANTS 
Isolation of desirable mutants showing improvement over parent genotype for 
different characters of interest is one of the important aspect of induced mutagenesis. 
Several workers have reported induced variability for protein content in different 
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crops (Banerjee and Swaminathan, 1966 and Singhal et al, 1978 in bread wheat; 
Siddiq et al., 1970 in Oryza sativa Singh and Axtel, 1973 in Sorghum; Farooq and 
Nizam, 1979b in chickpea). 
Khan and Wani (2004) isolated few mutants of mungbean {Vigna radiata) 
following the treatments with EMS, SA and MMS. These mutants were distinctly 
much superior to the others with regard to seed yield per plant, the most desirable 
character, in M2 and grown in progeny rows in M3 generation and were evaluated not 
only for the seed yield but also for the nimiber of fertile branches and the niunber of 
pods. Genotypic coefficient of variation, heritability and the genetic advance for these 
three quantitative characters were recorded to be higher in all these mutants. Positive 
and significant correlations among various character pairs of the mutants were 
observed. 
Sengupta and Dutta (2004) isolated eleven desirable macromutants namely, 
viridis (seedling colour as marker, increased seed protein content), broad leaf (high 
capsule number/plant), thick leaf and diffused branching (enhanced number of 
capsules with high amount of seed protein and fatty oil contents), early flowering 
(synchronous maturity, enhanced fatty oil content), white flower (marker trait), 
globular fruit (enhanced seeds/capsule with high oil content in seed), non-shattering 
capsule (intensed pigmentation on flowers as marker trait apart from the unique trait 
is possessed for breeder and farmers), dark reddish brown seed-coat I and II (high oil 
content) and bold seeded (high protein content) in seasame {Sesamum indicum L. var. 
B-67) which were outcome of induced mutagenesis by chemical mutagens EMS, dES, 
HNO2, NH2OH, DMSO, NaN3(SA), H2O2. Meiosis in control and mutants was nearly 
normal (13 bivalents at MI and 13/13 separation of chromosomes at Al mostly) with 
high pollen fertility (75.15 to 100%). All mutants traits were recessive to normal and 
excepting virids (digenio) showed monogenic inheritance pattern. Kharkwal (1998c) 
induced wide range of variability for crude protein content in chickpea through 
treatments with physical and chemical mutagens. Increased seed protein content due 
to mutagenic treatments was also reported by Abo-Hegazi, 1980). 
Bhat et al. (2006c) reported induced pod and seed mutants at lOkR of gamma 
rays and a closed flower mutant at 0.04% of MMS in Viciafaba L. variety minor. The 
induced pod and seed mutant was isolated in M| generation and its breeding 
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behaviour was studied by raising M2 and M3 generations. The closed flower mutant 
was isolated in M2 generation and showed premature fall of flowers and leaves and 
was completely sterile. No pod and seed setting was observed in this mutant. The 
floral parts did not developed normally. The detailed cytological investigation showed 
no visible chromosomal changes associated with pod and seed mutant, thus were 
characterized as "gene mutations". While as the various chromosomal aberrations 
such as multivalents, stickiness, precocious separation, fragments, laggards, Bridges, 
non-synchronisation, non-disjunction, disturbed polarity, micronuclei etc. were 
observed in closed flower mutant which suggest the floral abnormalities may be due 
to chromosomal rearrangements. 
Since there is ever increasing demand for improvement in yield of pulses 
including the broad bean, mutants for increased yield have also been reported by 
several workers. The mutants showed higher yield in comparison to normal cultivars 
(Rao, 1988; Hussan and Khan 1991). Besides gamma irradiation derived mutants, 
Ivannikoor and Moraru (1968) isolated the mutants for increased yield through 
chemical treatments. Some high yielding mutants in chickpea after treatments with 
physical and chemical mutagens have been reported by Kharkwal (1981a). 
2.10 INDUCED VARIABILITY FOR QUANTITATIVE CHARACTERS 
The inheritance of quantitative character is controlled by the interaction of 
many genes or polygenes out of which each single gene contributes little to the total 
phenotypic variability. In crop improvement programme, it is the quantitative 
variation for yield and its component traits that is important to a plant breeder. In 
recent years, the role of mutation breeding in increasing the genetic variability for 
polygenic characters in a number of crops have been proved beyond doubt 
(Ignacimuthus and Babu, 1993; Solanki and Sharma, 1999; Waghmore anad Mehra, 
2000). 
The significance of micromutations in the evolution was first recognized and 
emphasized by Baur (1924) and later it has been studied by many workers in different 
crop plants. Gaul (1965) has emphasized the significance of micromutations in plant 
breeding by stating that all the morphological and physiological characters are 
affected by micromutations and they might have higher mutation rates than the 
macromutations. Several workers have so far reported encouraging results about the 
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induction of useful quantitative variability in different crop plants viz; Khan (1984), 
Mehetre et al. (1990). Tickoo and Chandra (1999) in mungbean; Sharma and Sharma 
(1981b) in lentil and Singh et al. (2000b) in urdbean etc. In chickpea, different 
workers have reported increased variability for different agronomic characters in 
mutagen treated populations as observed by significant changes in the mean and 
coefficient of variability in comparison to control. Majority of the results suggest a 
negative shift Singh, 1988a) although in some cases positive shift was also observed 
(Mandal, 1974; Kumar etai., 1981). 
Sarkar and Sharma (1987) recorded increased variability over control in all the 
mutagenised populations. The characters like flowering duration, primary branches 
per plant, effective peduncle per plant, pods per plant and seed yield per plant 
exhibited more variability than seeds per pod and 1000-seed weight in M2 generation. 
Among the mutagens, EMS and NEU induced greater variability for most of the 
characters than gamma rays and SA. The interfamily analysis revealed a great deal of 
heterogeneity among different M2 families in each mutagenized population using 
coefficient of variability as a selection parameter. It was possible to isolate the 
mutated families in each population, and taking coefficient of variability and mean 
together. A number of families were identified (out of the mutated families) as 
promising for muhiple characters with the fi'equency: 80.6% with NEU, 75.3% with 
EMS, 72.2% with SA and 64.0% with gamma rays. Promising M2 plants were 
selected for multiple characters through intrafamily selection in the exceptionally 
promising families with different mutagens in the order of NEU>EMS>SA> gamma 
rays. 
Kharkwal (2001) generated a wide range of induced polygenic variability in 
the form of micromutations in M2 and M3 generations of chickpea. Treated M2 
population showed a much greater range of variability for all the characters than the 
controls. High magnitude of increased ranges of variability towards positive side 
showed that some extremely useful variability has been induced followed mutagenic 
treatments. Mutagens were equally effective in generating variability for quantitative 
characters and showed a differential response to the different varieties. In general, 
chemical mutagens were found to be relatively more efficient than physical in 
generating variability in M2 and M3 generations. In M3 the coefficient of variability 
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was considerably lower than in Mi for most of the characters suggesting that selection 
technique employed in M2 was highly effective and played a key role in shifting 
useful variability in the positive direction to M3 generation. The usefulness of induced 
variability was also evident from the higher estimates of heritability and genetic 
advance in M2 and M3 populations. The study also revealed that characters such as 
grain yield, number of pods and grains per plant, grain weight and biological yield 
showed a higher response to mutagenic treatments indicating that remarkable 
opportunities exist for marked improvement of these polygenic characters in 
chickpea. 
Kharkwal (2003) mutagenised populations of desi (G130, H214), KJabuli 
(cl04) and green seeded type (L345) chickpea through gamma rays (400, 500 and 600 
Gy), fast neutrons (5, 10 and 15 Gy), N nitroso-N-methyl urea (NMU) 0.01% (20h) 
and 0.02% (8h) were evaluated for induced magnitude and directional changes in the 
associations and correlations in M3 generation. Correlation studies for all the 21 
possible associations among seven characters in M3 showed clearly that the mutagenic 
treatments have succeeded in generating more favourable associations between 
various components of yield. Several highly significant directional changes towards 
desirable side were induced in correlation coefficients of character pairs in the 
mutagen treated populations. The magnitude and direction of change induced by a 
particular treatment varied according to variety and the mutagen used. Correlation 
analysis showed that grain yield was strongly associated with number of grains per 
plant, number of grains per pod, 100-seed weight and harvest index. The results also 
indicated that some of the undesirable negative correlations among yield components 
were not only broken but were changed significantly into desirable positive ones. 
Some of the undesirable negative correlations among yield components existing in 
control populations viz., gain yield per plant vs. biological yield per plants and 
number of pods per plants and number of grains per plant vs. biological yield per 
plant, have been significantly weakened or decreased. 
Rathod et al. (2004) treated the seeds of two varieties of soyabean {Glycine 
max L. Merrill) viz., Monetta and MACS-13 with EMS and y-rays with the aim to 
induce mutation. Mutation fi-equency increased with increase in doses of EMS and 
gamma rays. The frequency of induced mutation was greater in Monetta than MACS-
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13. The economical mutants showing characters of early maturity, high oil content 
and high yield were isolated from Monetta and MACs-13 treated with 0.6% ethyl 
methane sulphonate. In general ganrnia rays showed higher mutagenic effectiveness 
than ethyl methane sulphonate in both the varieties. 
Wani and Anis (2004) studied the effect of physical and chemical mutagens on 
various quantitative traits in chickpea {Cicer arietinum L.) when treated the seeds of 
two chickpea varieties viz., Pusa-212 and Pusa-372 with gamma rays and EMS. A set 
of seeds of both the varieties irradiated at 20kR and 30kR was also subjected to 
treatment with EMS at 0.2 and 0.3%. Data of eight quantitative traits viz., days taken 
to flowering and maturity, plant height (cm), number of primary branches per plant, 
number of pods per plant, number of seeds per pod; 100-seed weight (g) and total 
seed yield. Per plant (g) were recorded for all the mutagenic treatments. The lower 
dose treatments in general, showed stimulatory effect whereas, higher treatments 
showed inhibitory effects on the mean performance of all the polygenic traits. 
Increase in C.V. in the mutagen treated populations indicated that significant 
spectrum of phenotypic variability was created in all the polygenic traits in both the 
varieties. A comparison of the pooled effect of different levels of a particular mutagen 
on the mean value of various traits revealed that combination treatments proved to be 
most effective followed by EMS and gamma rays in inducing the magnitude of 
variability. The var. Pusa-372 was comparatively more sensitive than the Var. Pusa-
212. 
Khan and Wani (2005) carried out the genetic variability and correlations 
studies in the M3 mutants of chickpea (Cicer arietinum L.) varieties Avrodhi and BG-
256 following the treatment with 0.02% hydrazine hydrate (HZ). The study indicated 
that sufficient genetic variability was present for number of fertile branches, pods and 
plant yield in the mutants. Thus, these mutants have a higher selection value and 
breeding significance. Plant yield was significantly and positively correlated with 
number of fertile branches and pods. Protein content showed negative correlation with 
plant yield, indicating the independent genetic control of protein content was of lower 
magnitude, indicating that no fiirther improvement in seed protein content of chickpea 
is possible. 
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CHAPTER-3 
MATERIALS AND METHODS 
3.1 MATERIALS 
3.1.1 Varieties used 
The certified, healthy and dry seeds of the two varieties of broad bean (Vicia 
faba L.) namely var. PRT-7 and var. PRT-12 used in the present study were procured 
fi:om the Division of Genetics, Indian Agricultural Research Institute (lARI), New 
Delhi. These varieties have been developed at Jawaharlal Nehru Agriculture 
University, Jabalpur, M.P. and were approved and released by Central Varietal 
Release Committee, Indian Council of Agricultural Research (ICAR), New Delhi. A 
brief description of these varieties is given below: 
Table 4: Salient features of the broad bean varieties used in the present study 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Salient feature 
Habit 
Height 
Leaves 
Pod character 
Seed character 
Flowering period 
Maturity period 
Adaptability 
Chromosome number 
Var. PRT-7 
Erect 
69-78 cm 
Green 
4.0-5.5 cm (length), 
0.6-1.0 cm (width) 
Round, yellowish in 
colour 
88-96 days 
148-158 days 
All over India 
12 
Var. PRT-12 
Erect 
67-75 cm 
Green 
4.5-6.0 cm (length), 
0.8-1.2 cm (width) 
Round but somewhat 
flattened, yellowish in 
colour 
91-98 days 
156-165 days 
All over India 
12 
Both these varieties are well adopted to the agro-climatic conditions of Uttar 
Pradesh and are generally cultivated in the Aligarh district and near by areas. 
3.1.2 Mutagens used 
The following two mutagens were used individually as well as in combination. 
Materials and Methods 
1. Methyl methane sulphonate (MMS), CH3SO2OCH3 
A monofunctional alkylating agent manufactured by Sissco Research 
Laboratories Pvt. Ltd., Mumbai, India. 
2. Gamma rays (y-rays) 
Most commonly used ionizing radiation obtained from radioactive isotope 
Cobalt-60 (^ °Co). The air dried seeds (10% moisture content) of both the varieties 
were exposed to different doses of y-rays from °^Co soxirce at the National Botanical 
Research Institute (NBRI), Lucknow at the dose rate of 4 kR/minute. 
The following doses/concentrations of MMS and y-rays were used in the 
present study: 
Table 5: Doses/concentrations of mutagens used 
Mutagen 
Control 
MMS 
y-rays 
Combination 
(y-rays + MMS) 
Dose/concentration (%) 
-
0.01,0.02,0.03,0.04 
5kR, lOkR, 15kR,20kR 
10 kR + 0.01%, 10 kR + 0.02%, 10 kR + 0.03%, 10 kR + 0.04% 
3.L3 Mechanism of action of MMS and y-rays 
L MMS 
Among the numerous radiomimetic agents now known, the alkylating agents 
have been found to be the most potent in a wide assay of organisms. Within the 
alkylating groups, MMS has been found to be a very effective chemical mutagen. It is 
a colourless liquid with a molecular weight of 110.13. Alkylation refers to the 
substitution of an alkyl group for a hydrogen in the nitrogenous bases. Like any other 
alkylating agent MMS react with DNA either by alkylating the phosphate group or by 
alkylating the nitrogenous bases i.e. purines and the pyrimidines, specially the 
guanine at the position 1^. Alkylation of the phosphate groups of DNA leads the 
formation of phosphate triesters which are unstable and release the alkyl group, if not 
released, then the attached alkyl groups interfere with DNA duplication. Sometimes 
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the phosphate triestes is hydrolyzed between the sugar and the phosphate and results 
in breakage of the DNA backbone. Alkylataion of guanine at 7* position, rarely the 
cytosine gives rise to the quaternary nitrogens which are unstable. Either the alkyl 
group itself hydrolyses away from the purine or else the alkylated purine separates 
from the deoxyribose leaving it depurinated. Liberation of ethylated and methylated 
purines from the DNA bases has been observed (Bautz & Freese, 1960; Lett et al, 
1962). The gap might interfere with the DNA duplication or cause the incorporation 
ofa wrong base. 
2. y-rays 
The most commonly used ionizing radiation in plant improvement 
programmes is y-rays. They are effective and efficient physical mutagen. They are 
produced from the radioactive isotopes like Cobalt-60 (^ °Co), Caesium-137 ('^ ^Cs), 
'''C and Radium. Because of their short wave length, they possess more energy per 
photon than X-rays, and hence have higher penetrating power than the X-rays. The 
unit of the radiations is Roentgen (R-units). More generally the y-rays are produced 
by the "^Co and having the half life of 5.3 years with the wave length of 0.1 A" and 
1.33 MeV (yi) or 1.17 MeV (yi) energy. 
y-rays are electromagnetic type of radiations that induce ionization. When 
biological material is irradiated, a y-rays photon hits an orbital electron of the atom in 
the tissue or cells and transfers its all energy to that elecfron in the form of kinetic 
energy and causes the release of electron from the atom leaving behind a positively 
charged atom called free radicals or ions. The ejected electron, also known as photo-
electron, has tremendous energy and is capable of causing fiirther ionizations along its 
path by colliding with the other atoms in the tissues or cells. The net result is that a 
core of ions is formed along the track of each radiation as it passes through matter or 
living tissue. Since this process gives rise to ions or free radicals, it is called 
ionization and hence the name ionizing radiations. The transfer of energy by ionizing 
radiations is random but discrete. That is why, even a small amount of energy 
deposited by radiations produces ionization. 
The increased reactivity of atoms present in DNA molecules is the basis of 
mutagenic effects of ionizing radiations. The major effects of ionizing radiations on 
DNA are ; disruption of continuity of one or both strands (Bacq & Alexander, 1961), 
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cross linking of DNA-DNA and DNA-proteins, removal of a base and chemical 
alteration of a base which changes its pairing properties (Casarett, 1968). While cross 
linking of DNA leads to the cell death, the strand breaks result in chromosomal 
mutations and the repair of radiation induced nicks in DNA and base changes in gene 
mutations. 
3.2 METHODS 
3.2.1 Preparation of mutagenic solutions 
One percent stock solution of MMS was prepared in the phosphate buffer 
having the pH value 7.0. From this stock solution required concentrations of MMS 
were prepared by using the following formula -
SiVi = S2V2 
Where, Si = strength of stock solution 
Vi = Volume of stock solution 
S2 = Strength of desired solution 
V2 = Volume of desired solution 
The specificity of action of chemical mutagen depends upon the particular 
conditions of treatment, the more important of which are temperature, duration of 
treatment and hydrogen ion concentration. Only freshly prepared solutions of MMS 
were used because alkylating agents are very reactive, even with water. Hydrolysis 
usually gives rise to compoimds that are no longer mutagenic but toxic to biological 
tissues. This means that the mutagen solution must be prepared just before the use and 
never stored. 
3.2.2 Pretreatment 
Prior to the mutagenic treatments healthy and uniform sized seeds of both the 
varieties were presoaked in distilled water for 12 hours at room temperature (25 ±1°C) 
in order to activate the embryo. 
3.2.3 Treatment with mutagens 
After the presoaking period was over, the seeds were kept on the blotting 
paper so as to remove the small droplets of water adhering to the surface of seeds. 
Thereafter, the seeds were treated in different concentrations of MMS for 6 hours. 
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One set of each variety was kept untreated to act as control for comparison with the 
treated populations. 
During chemical mutagenic treatments, intermittent shaking was done 
throughout the treatment period to facilitate sufficient aeration. For uniform 
absorption, large quantities of mutagenic solutions, approximately three times the 
volume of seeds (Konzak et al., 1965) were used. After the treatment period was over 
the treated seeds were thoroughly washed in running tap water for 1 hour before 
sowing to remove the residual effect of the mutagen sticking to the seed coat. 
For the combination treatments, 10 kR dose of y-rays was combined with all 
the four concentrations (i.e. 0.01%, 0.02%, 0.03%, 0.04%) of MMS for 6 hours. 
3.2.4 Sample size 
In each variety a set of 150 seeds was used for treatment with each 
dose/concentration of mutagens including 150 untreated seeds of control. Out of these 
150 seeds, 100 seeds fi-om each treatment were sown in the field for morphological 
and cytological studies and the remaining 50 seeds were grown on moist cotton in 
petri plates for measuring root-shoot length. The petri plates were kept in BOD 
incubator at 25±1''C temperature with relative humidity at 95%. 
Table 6: Details of mutagenic treatments given to the broad bean seeds 
Mutagen 
Control 
MMS 
y-rays 
y-rays 
+MMS 
Dose/ 
concentration 
-
0.01 
0.02 
0.03 
0.04 
5kR 
10 kR 
15kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
lOkR+0.03% 
lOkR+0.04% 
Duration of 
presoaking(h) 
12.0 
12.0 
12.0 
12.0 
12.0 
-
-
-
-
12.0 
12.0 
12.0 
12.0 
Duration of 
treatment(h) 
-
6.0 
6.0 
6.0 
6.0 
-
-
-
-
6.0 
6.0 
6.0 
6.0 
pH 
-
7.0 
7.0 
7.0 
7.0 
-
-
-
-
7.0 
7.0 
7.0 
7.0 
No. of seeds 
treated 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
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3.2.5 Sowing of seeds in the field 
The treated as well as untreated (control) seeds were sown in four replicates 
(25 seeds in each replicate) in a complete randomized block design (CRBD) in the 
rabi season of 2007 at Agriculture farm. Department of Agricultural Sciences, AMU, 
Aligarh. The distance between the seeds along a row was kept 20 cm whereas row to 
row distance was maintained at 30 cm in each experimental plot in a replication. 
Recommended agronomic practices were employed for the preparation of field, 
sowing and subsequent management of populations to raise a good crop. 
3.3 EVALUATION OF Mi GENERATION 
A detailed study of the effect of different mutagenic treatments in the two 
varieties was undertaken using the following parameters : 
3.3.1 Seed germination 
Seed germination was recorded right from the emergence of first shoot in each 
treatment as well as control in the field on alternate days until the maximum 
germination was attained. After recording the germination coimts, the percentage of 
seed germination and percent inhibition were calculated by using the following 
formulae: 
Number of seeds germinated 
Germination (%) = x 100 
Number of seeds sown 
Control - treated 
Inhibition (%) = x 100 
Control 
The delayed effect of mutagens was recorded on the basis of the extra days 
taken for germination in the treated populations as compared to control. 
3.3.2 Seedling height (cm) 
Seedling height was estimated on 10* day of germination by measuring 
root and shoot lengths of 20 randomly selected seedlings fi-om each treatment as well 
as control from the BOD experiment. Seedling injury as measured by the reduction in 
the root and shoot length w£^ calculated in terms of percentage of root and shoot 
injury by using following formula : 
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Control - treated 
Percent injury = x 100 
Control 
3.3.3 Plant survival 
The survived plants in the different mutagenic treatments as v^ ell as in 
control were counted at the time of maturity and the survival percentage and percent 
reduction (lethality) were calculated by the following formulae : 
Number of plants at maturity 
Survival (%) = x 100 
Number of seeds germinated 
Control - treated 
Reduction (Lethality) (%) = x 100 
Control 
3.3.4 Pollen fertility 
Fresh and young flowers ftom 15-20 randomly selected plants were taken 
from each treatment as well as control. Pollen fertility was determined by staining the 
pollen grains with 2% acetocarmine solution. Pollen grains which took the stain and 
has a regular outline were considered as fertile, while the shrunken, empty and 
unstained ones as sterile. The following formulae were used to calculate the percent 
pollen fertility and percent reduction (sterility): 
Number of fertile pollen 
Pollen fertility (%) = x 100 
Total number of pollen 
Control - treated 
Reduction (sterility) (%) = x 100 
Control 
3.3.5 Cytological studies 
Cytological studies were carried out on pollen mother cells (PMCs) by 
fixing young flower buds from each treatment as well as control. The purpose of 
fixation is to kill the tissue without causing any distortion of the components to be 
studied. It should not only increase visibility of the chromosome structure but should 
also clarify the details of chromosome morphology such as the euchromatic and 
heterochromatic regions and the primary and secondary constrictions. 
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For meiotic studies, young flower buds from 15-20 randomly selected 
plants were fixed in freshly prepared Camoy's fluid (alcohol: chloroform: acetic acid 
in 6:3:1 ratio) supplemented with crystals of ferric chloride for 24 hours. The material 
was then washed and preserved in 70% alcohol at 4°C. Meiosis was studied by 
squashing the anthers in 2% acetocarmine. The slides were made permanent by 
dehydrated them in n-butyl alcohol series (NBA series) (Bhaduri and Ghose, 1954) 
followed by mounting in Canada balsam and then slides were kept in incubator at 
45°C temperature till drying. After drying, the extra amount of Canada balsam 
remained outside the cover slip was cleaned with xylene. Analysis of various stages of 
meiosis was done from each treatment as well as control at metaphase I/II, anaphase 
I/II and telophase I/II by studying more than 300 dividing PMCs. The abnormalities 
were recorded on the basis of variations in structure and behaviour of chromosomes 
as compared to control. The photomicrographs were taken from temporary as well as 
permanent slides with the aid of "Nicon", photomicrographic unit at the 
magnification of 1000 X (10 x eye piece X 100 x objective lens). 
3.3.6 Morphological variations 
Some plants in the treated populations showed variations in the visible 
physical characters as compared to the control. Those were termed as morphological 
variants. Some induced morphological variations affecting plant height, growth habit, 
leaf size, leaf colour, pod size, seed coat colour and pattern and yield parameters were 
selected in Mi generation. 
The frequency of these morphological variants was calculated by the 
following formula: 
Number of abnormal plants 
Frequency of variations (%) = x 100 
Total number of surviving plants 
at maturity 
3.3.7 Quantitative characters 
Studies on the quantitative characters were done from the 15-20 normal 
looking plants in each treatment as well as control population. The plants which 
showed great variation from the control were not included for such analysis. The 
following eleven quantitative characters were studied in Mi generation. 
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1. Days to flowering : Days to flowering were noted as the number of days taken by 
the plant from the date of sowing till the first flowering appeared in the plant. 
2. Number of flowers per plant: Number of flowers were noted as the total number 
of flowers bom on a whole plant. 
3. Plant height (cm): Plant height was measured at maturity in centimeters from the 
base upto the apex of plant. 
4. Days to maturity : Days to maturity were noted as the number of days taken by 
the plant from the date of sowing to the date of harvesting of the plant. 
5. Number of fertile branches per plant : Number of the fertile branches were 
counted at the maturity as the number of branches which had more than one pod. 
6. Number of pods per plant : Number of pods were covmted at maturity as the 
number of pods bom on the whole plant. 
7. Pod length (cm) : It was measured by measuring the length of twenty randomly 
selected pods from each selected plant and then mean for each selected plant was 
calculated. 
8. Pod width (cm): It was measure by measuring the width of the twenty randomly 
selected pods from each selected plant at the position of seed and then the mean for 
each selected plant was calculated. 
9. Number of seeds per pod : Mean number of seeds per pod was calculated for 
each selected plant by threshing the twenty randomly selected pods of that plant. 
10. 100-seed weight (g) : It was the weight of random sample of hundred seeds from 
each selected plant. 
11. Total yield per plant (g) ; Total yield per plant was the weight of total number 
of seeds harvested per plant and the yield of each plant was recorded in grams. 
3.4 STATISTICAL ANALYSIS 
Data of each quantitative character from each treatment as well as control 
were subjected to statistical analysis to assess the extent of induced variation in Mi 
generation. Range, mean, standard error, standard deviation and coefficient of 
variation were calculated as per the standard statistical procedures. 
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3.4.1 Mean ( Z ) 
The arithmetic mean or sample mean or average value is the measure of 
central tendency of distribution. It represents the entire data by one value which is 
computed by adding together all the values and dividing this total by the total number 
of observations recorded. 
N 
x = N 
Where, X = Arithmetic mean 
EXn = Sum of all the individual observations i.e., Xi, X2 Xn 
N = Total number of observations involved 
3.4.2 Standard deviation (S.D.) 
It is an absolute measure of dispersion or variability of distribution. It is the 
positive square root of the average of the sum of squares of deviations of all the 
individual observations from their arithmetic mean. It is calculated on the basis of the 
following formula: 
S.D. = 
(x, -xy+ix, -xy+(x, -xy + (x„ -xy 
N 
S.D. = 
Where, 
^{x„'xy 
N 
S.D. = Standard deviation 
X = Mean of all observations included 
Xi, X2, X3, Xn = individual observations. 
N = Niunber of observations 
Materials and Methods 
3.4.3 Standard error (S.E.)' 
It is the measure of uncontrolled variation present in a sample. It is estimated 
by dividing the estimate of standard deviation by the square root of the total number 
of observations in the sample, Thus 
S.D. of sample 
S.E. = 
•IN 
Where, 
S.D. = Standard deviation 
N = Number of observations 
3.4.4 Coefficient of variation (C.V.) 
It is the measure of relative magnitude of variation present in the observations 
relative to magnitude of their arithmetic mean. It is defined as the ratio of standard 
deviation to arithmetic mean expressed as percentage and is a unitless number. It is 
computed by applying the following formula : 
C.V.(%)= ^ x l O O 
Where, 
S.D. = Standard deviation 
X = Arithmetic mean 
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CHAPTER - 4 
EXPERIMENTAL RESULTS 
4.1 STUDIES IN Ml GENERATION 
The effect of methyl methane sulphonate (MMS), gamma rays (y-rays) and 
their combination treatments was evaluated on seed germination, seedling height, 
plant survival, pollen fertility, meiosis and various quantitative characters in Mi 
generation of broad bean. 
4.1.1 Seed germination 
Data recorded on the seed germination is shown in Tables 7 and 8. The seed 
germination decreased with an increase in dose/concentration of the mutagens in both 
the varieties (Graphs 2 and 3). The maximum decreased in germination was observed 
at the highest dose of all the mutagens. 
In case of MMS treatments, the maximum inhibitory effect on germination 
i.e., 27.47% and 23.66% was observed at 0.04% in var. PRT-7 and var. PRT-12 
respectively. In case of y-rays treatments, the maximum inhibition was 24.18% and 
24.73% at 20 kR in var. PRT-7 and var. PRT-12 respectively. The combination 
treatments of MMS and y-rays were found most effective in reducing the germination 
percentage in both the varieties. The highest inhibitory effect on seed germination i.e., 
47.25% and 45.16% was recorded at 10 kR + 0.04% MMS treatment in var. PRT-7 
and var. PRT-12 respectively. 
The germination started in var. PRT-7 and var. PRT-12 (controls) on lO*** and 
9* day after sowing respectively, while var. PRT-7 and PRT-12 treated with 
mutagens showed delay by 7 and 6 days respectively. In case of MMS and y-rays 
treatments the maximum delay was recorded at the highest doses/concentrations in 
both the varieties. The combination treatments were most effective than the individual 
doses/concentration of MMS and y-rays in prolonging the germination period. 
Experimental Results 
In general, germination was affected in all the treatments in both the varieties, 
however, var. PRT-7 was found to be more sensitive than the var. PRT-12. The order 
of effectiveness was y-rays + MMS > MMS > y-rays in both the varieties. 
4.1.2 Plant survival 
Data recorded on plant survival is shovm in Tables 7 and 8. The survival of 
seedlings decreased with an increase in dose/concentration in almost all the mutagens 
in both the varieties (Graphs 2 and 3). Among the mutagenic treatments, the 
maximum survival percentage was observed at the lowest treatments and the 
minimum survival percentage was observed at highest treatments of all the mutagens. 
The highest lethality i.e., 14.80% in var. PRT-7 and 11.83% in var. PRT-12 was 
recorded at 10 kR + 0.04% MMS treatment in both the varieties. The pooled mean 
values for survival percentage indicated that maximum survival i.e., 94.27% in var. 
PRT-7 and 95.42% in var. PRT-12 was observed in y-rays as compared to their 
respective controls. However, the pooled value of lethality was maximum, 9.03% in 
var. PRT-7 and 7.49% in var. PRT-12 in combination treatments in both the varieties. 
However, var. PRT-7 was found to be more sensitive than var. PRT-12 with 
respect to reduction in survival percentage. The order of the effectiveness was y-rays 
+ MMS > MMS > y-rays in both the varieties. 
4.1.3 Pollen fertility 
Data recorded on the pollen fertility is shown in Tables 7 and 8. The pollen 
fertility decreased with an increase in the mutagenic treatments in both the varieties 
(Graphs 2 and 3). In other words, the pollen sterility increased with increase in 
dose/concentration of mutagens. Among the mutagenic treatments, the maximum 
sterility i.e., 36.04% and 30.81% was recorded in the combination treatment at 10 KR 
+ 0.04% MMS in var. PRT-7 and var. PRT-12 respectively, while in case of the 
individual treatments the maximum sterility was recorded at the highest 
dose/concentration of each mutagen in both the varieties. The pollen fertility was 
reduced to 59.20% in var. PRT-7 and 65.22% in var. PRT-12 as compared to control 
values i.e., 92.56% and 94.26% in var. PRT-7 and var. PRT-12 respectively. 
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Experimental Results 
The pooled mean values for both percent fertility and percent sterility 
indicated that combination treatments were most effective followed by MMS and y-
rays. 
In general, var. PRT-7 was found to be more sensitive than var. PRT-12 to 
both physical and chemical as well as combination treatments. The order of 
effectiveness was y-rays + MMS > MMS + y-rays in both the varieties. 
4.1.4 Seedling height (cm) 
The seedling height (root length + shoot length) was measured and presented 
in the Tables 9 and 10. 
A gradual decrease in the seedling height with an increasing doses/ 
concentrations of the mutagens in individual as well as in combination treatments was 
noticed in both the varieties. 
The maximum seedling injury was recorded at the highest dose/ concentration 
in individual and combination treatments in both the varieties i.e., 30.30% (0.04% 
MMS), 25.32% (20 kR y-rays) and 38.25% (10 kR + 0.04% MMS) in var. PRT-7, 
whereas, in var. PRT-12 these values were 24.82% (0.04% MMS), 21.50% (20 kR y-
rays) and 34.15% (10 kR+ 0.04% MMS). The pooled mean values for seedling height 
and percent injury indicated that combination treatments were more effective than the 
individual mutagenic treatments of MMS and y-rays in both the varieties. 
However, var. PRT-7 was found to be more sensitive than the var. PRT-12 
with respect to percent injury. The order of effectiveness was y-rays + MMS > MMS 
> y-rays in both the varieties. 
4.1.5 Cytological observations 
The control plants of var. PRT-7 and var. PRT-12 revealed six perfect bivalent 
(2n=12) at diakinesis (Plate I, Fig. 1) and metaphase I (Plate I, Figs. 2-4) which 
showed equal segregation (6:6) at anaphase I (Plate II, Fig. 17). Telophase I, 
metaphase II, anaphase II and telophase II stages were normal giving rise to normal 
tetrads (Plates II-IV, Figs. 14, 18,19,41,42). 
Experimental Results 
The microsporogenesis in plants raised from treated seeds was highly 
disturbed. The meiotic studies showed almost similar types of chromosomal 
aberrations in both the varieties but the frequencies of these chromosomal aberrations 
were different (Tables 11 and 12, Graph 4). The various chromosomal aberrations 
during microsporogenesis in Mi generation were univalents, multivalents, stickiness, 
precocious separation, non-orientation of bivalents and fragments at metaphase I/II, 
and laggards, bridges and unequal separation at anaphase I/II. The dominant meiotic 
aberrations at telophase I/II were bridges, disturbed polarity, micronuclei and 
muhinucleate condition (Plates I-IV, Figs 1 to 48). 
The observations showed that almost all types of chromosomal aberrations 
were dose dependent in both the varieties. 
L Chromosomal aberrations at metaphase I and II 
The chromosomal aberrations observed at metaphase I/II were univalents, 
muhivalents, stickiness, precocious separation, non-orientation of bivalents and 
fragments. 
1. Univalents 
The univalents were observed at the metaphase I in almost all the treatments 
except at 0.01% MMS and 5 kR y-rays in both the varieties (Plate I, Fig. 6). The 
frequency of PMCs showing univalents ranged from 0.32%-0.99% (MMS), 0.33%-
0.66% (y-rays) and 0.32%-1.28% (y-rays + MMS) in var. PRT-7, whereas, the 
frequency of PMCs showing univalents ranged from 0.32%-0.66% (MMS), 0.32%-
0.63% (y-rays) and 0.31%-0.99% (y-rays + MMS) in var. PRT-12. The combination 
treatments induced more frequency of PMCs with univalents than the individual 
mutagenic treatments. The maximum frequency of PMCs with univalents was 
recorded at the highest dose/concentration of each individual as well as in 
combination treatments in both the varieties. The maximum frequency of PMCs with 
univalents was 1.28% and 0.99% at 10 kR + 0.04% MMS in var. PRT-7 and var. 
PRT-12 respectively. 
2. Multivalents 
Multivalents such as trivalents, tefravalents, hexavalents, heptavalents and 
octavalents were observed at the metaphase I in the treated population in both the 
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varieties (Plate I, Figs. 7, 9). The multivalents showed dose dependent increase in all 
the individual as well as combined treatments in both the varieties. The frequency of 
PMCs showing multivalents ranged from 0.64%-1.64% (MMS), 0.32%-1.32% (y-
rays) and 0.65%-1.92% (y-rays + MMS) in var. PRT-7, while this range was 0.66%-
1.31% (MMS), 0.65%-1.27% (y-rays) and 0.94-1.65% (y-rays + MMS) in var. PRT-
12. The combination treatments showed higher frequency of PMCs with multivalents 
than the individual mutagenic treatments. Moreover, the highest dose/ concentration 
of each individual and combination treatments showed the higher frequency of PMCs 
multivalents in both the varieties. The maximum frequency of PMCs with 
multivalents was 1.92% and 1.65% at 10 kR + 0.04% MMS in var. PRT-7 and var. 
PRT-12 respectively. 
3. Stickiness 
Stickiness or clumping of chromosomes at metaphase I/II was the most 
common meiotic aberration. Chromosomes were clumped either in one or different 
groups (Plates I, II, Figs. 8, 10, 12, 13). The frequency of PMCs showing stickiness 
ranged from 0.33%-1.32% (MMS), 0.64%-0.99% (y-rays) and 0.97%-2.24% (y-rays + 
MMS) in var. PRT-7, while the frequency of PMCs showing stickiness ranged from 
0.66%-1.31% (MMS), 0.32%-0.97% (y-rays) and 0.63%-1.98% (y-rays + MMS) in 
var. PRT-12. The combination freatments showed the more frequency of PMCs with 
stickiness than the individual mutagenic treatments. Moreover, the highest 
dose/concentration of each individual and combination treatment showed the higher 
frequency of PMCs with stickiness in both the varieties. The maximum frequency of 
PMCs with stickiness was 2.24% and 1.98% at 10 kR + 0.04% MMS in var. PRT-7 
and var. PRT-12 respectively. 
4. Precocious separation 
Precocious separation at metaphase I/II was one of the most common 
cytological aberration (Plates I, II, Figs 8, 11, 13). The bivalents which showed 
precocious separation ranged from 1-3. The frequency of PMCs showing precocious 
separation ranged from 0.33%-1.32% (MMS), 0.32%-0.99% (y-rays) and 0.65%-
1.60% (y-rays + MMS) in var. PRT-7, while this range was 0.33%-0.98% (MMS), 
0.32%-0.65% (y-rays) and 0.33%-1.32% (y-rays + MMS) in var. PRT-12. The 
51 
Experimental Results 
combination treatments showed the more frequency of PMCs with precocious 
separation than the individual mutagenic treatments. Moreover, the highest 
dose/concentration of each individual and combination treatments showed the higher 
frequency of PMCs v^ rith precocious separation in both the varieties. The maximum 
frequency of PMCs wdth precocious separation was 1.60% and 1.32% at 10 kR + 
0.04% MMS in var. PRT-7 and var. PRT-12 respectively. 
5. Non-orientation 
Non-orientation of bivalents was observed in all the mutagenic treatments in 
both the varieties except at 5 kR in var. PRT-12. The frequency of PMCs with non-
orientation of bivalents ranged from 0.65%-1.32% (MMS), 0.32%-0.99% (y-rays) and 
0.65%-1.92% (7-rays + MMS) in var. PRT-7, while it ranged from 0.33%-0.98% 
(MMS), 0.33%-0.65% (y-rays) and 0.63%-1.65% (y-rays + MMS) in var. PRT-12. 
The combination treatments induced more frequency of PMCs with non-orientation of 
bivalents than the individual mutagenic freatments. Moreover, the highest 
dose/concentration of each individual as well as combination treatment induced the 
highest frequency of PMCs with non-orientation of bivalents in both the varieties. The 
maximum frequency of PMCs with non-orientation of bivalents was 1.92% and 
1.65% at 10 kR + 0.04% MMS in var. PRT-7 and PRT-12 respectively. 
6. Fragments 
Fragments were observed in almost all the freatments (Plate II, Fig. 16) with a 
few exceptions (0.01% MMS and 5 kR y-rays in var. PRT-7 and 0.01%, 0.02% MMS 
and 5 kR, 10 kR y-rays in var. PRT-12). The frequency of PMCs with fragments 
ranged from 0.32%-0.99% (MMS), 0.32%-0.66% (y-rays) and 0.32%-1.28% (y-rays + 
MMS) in var. PRT-7, while this range was 0.32%-0.66% (MMS), 0.32%-0.63% (y-
rays) and 0.31% - 0.99% (y-rays + MMS) in var. PRT-12. The combination 
treatments induced more frequency of PMCs with fragments than the individual 
mutagenic treatments. The highest dose/concenfration of each individual and 
combination treatment induced highest frequency of PMCs with fragments in both 
the varieties. The maximum frequency of PMCs with fragments was 1.28% and 
0.99% at 10 kR + 0.04% MMS in var. PRT-7 and PRT-12 respectively. 
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II. Chromosomal aberrations at anaphase I and II 
The dominant chromosomal aberrations at anaphase I/II were laggards, 
bridges and imequal separation of chromosomes. 
1. Laggards 
Laggards were observed in almost all the treatments (Plates II, III, Figs. 20, 
27) with a few exceptions (0.01% MMS and 5 kR, 10 kR y-rays in var. PRT-12). 
These laggards were present either as univalents or as whole bivalents at anaphase 
I/II. The frequency of PMCs with laggards ranged from 0.32%-1.32% (MMS), 
0.32%-0.99% (y-rays) and 0.65%-1.60% (y-rays + MMS) in var. PRT-7, while in var. 
PRT-12 it ranged from 0.32%-0.98% (MMS), 0.65%-0.95% (y-gays) and 0.33%-
1.32% (y-rays + MMS). The combination treatments induced more frequency of 
PMCs with laggards than the individual mutagenic treatments. Moreover, dose 
dependent increase was observed in all the mutagens in both the varieties. The 
maximum frequency of PMCs with laggards was 1.60% and 1.32% at 10 kR + 0.04% 
MMS in var. PRT-7 and var. PRT-12 respectively. 
2. Bridges 
Bridges with or without fragments at anaphase stages were frequently 
observed in all the treatments in both the varieties (Plates II-III, Figs. 22, 29, 34, 36-
39), but were more frequent in combination treatments than the individual mutagenic 
treatments. The highest dose/concentration of each individual and combination 
treatment induced highest frequency of PMCs with bridges in both the varieties. The 
frequency of PMCs with bridges ranged form 0.96%-1.97% (MMS), 0.64%-1.32% 
(y-rays) and 0.97%-2.24% (y-rays +MMS) in var. PRT-7, while, the frequency of 
PMCs with bridges ranged from 0.66%-1.64% (MMS), 0.32%-0.95% (y-rays) and 
0.65%-].98% (y-rays + MMS) in var. PRT-12. The maximum frequency of PMCs 
with bridges was 2.24% and 1.98% at 10 kR + 0.04% MMS in var. PRT-7 and PRT-
12 respectively. 
3. Unequal separation 
Unequal separation of chromosomes was noticed in all the treatments in both 
the varieties (Plate III, Fig. 31). The chromosomes segregated mostly in the ratio of 
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7:5 and 8:4. The combination treatments showed more frequency of PMCs with 
unequal separation of chromosomes than the individual mutagenic treatments. 
Moreover a dose dependent increase was observed in all the mutagens in both the 
varieties. The frequency of PMCs with unequal separation of chromosomes ranged 
from 0.33%-0.99% (MMS), 0.32%-0.99% (y-rays) and 0.32-1.28% (y-rays + MMS) 
in var. PRT-7 wherreas in var. PRT-12 it ranged from 0.32%-0.66% (MMS), 0.32%-
0.65% (Y-rays) and 0.33-0.99% (y-rays+MMS). The maximum frequency of PMCs 
with unequal separation of chromosomes was 1.28% and 0.99% at 10 kR + 0.04% 
MMS in var. PRT-7 and var. PRT-12 respectively. 
III. Chromosomal aberrations at telophase I and II 
The commonly recorded chromosomal aberrations at telophase I/II were 
bridges, disturbed polarity, micro nuclei and muhinucleate condition. 
1. Bridges 
Bridges at telephone stages were observed in almost all the treatments in both 
the varieties with few exceptions (0.01% MMS, 5 kR, 10 kR, y-rays in the var. PRT-7 
and var. PRT-12 both). The frequency of PMCs with bridges ranged from 0.32%-
0.99% (MMS), 0.32%-0.66% (y-rays) and 0.32-0.96% (y-rays + MMS) in var. PRT-7, 
while, it ranged from 0.32%-0.66% (MMS), 0.0%-0.32% (y-rays) and 0.31%-0.66% 
(y-rays + MMS) in vai. PRT-12. The combination treatments induced more frequency 
of PMCs with bridges than the individual mutagenic freatments. Moreover, the 
highest dose/concentration of each mutagen induced highest frequency of PMCs with 
bridges in both the varieties. The maximum frequency of PMCs with bridges was 
0.96% and 0.66% at 10 kR + 0.04% MMS in var. PRT-7 and var. PRT-12 
respectively. 
2. Disturbed polarity 
Disturbed polarity is a dominant chromosomal aberration observed at 
telophase II in all the treatments in both the varieties (Plate IV, Fig. 44). However, the 
frequency of PMCs with disturbed polarity was observed more in combination 
treatments than the individual mutagenic treatments in both the varieties. The highest 
dose/concentration of each individual and combination treatment induced highest 
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frequency of PMCs with disturbed polarity. The frequency of PMCs showing 
disturbed polarity ranged from 0.64%-!.32% (MMS), 0.64%-0.99% (y-rays) and 
0.65%-1.92% (7-rays + MMS) in var. PRT-7, while it ranged firom 0.33%-0.98% 
(MMS), 0.32%-0.95% (y-rays) and 0.65%-1.65% (y-rays + MMS) in var. PRT-12. 
The maximum frequency of PMCs with disturbed polarity was 1.92% and 1.65% at 
10 kR + 0.04% in var. PRT-7 and var. PRT-12 respectively. 
3. Micronuclei 
Micronuclei were observed in almost all the treatments (Plate IV, Figs 43, 47) 
except at the lower doses/concentrations of individual mutagens (i.e., 0.01% MMS 
and 5 kR y-rays in var. PRT-7 and 0.01%, 0.02% MMS and 5 kR y-rays in var. PRT-
12. The frequency of PMCs with micronuclei ranged from 0.32%-0.66% (MMS and 
y-rays) and 0.32%-0.96% (y-rays + MMS) in var. PRT-7, whereas, it ranged from 
0.32%-0.66% (MMS), 0.32%-0.63% (y-rays) and 0.31-0.99% (y-rays + MMS) in var. 
PRT-12. The combination treatments induced more frequency of PMCs with 
micronuclei than the individual mutagenic treatments. Moreover, the highest 
dose/concentration of each mutagen induced the highest frequency of PMCs with 
micronuclei in both the varieties. The maximum frequency of PMCs with micronuclei 
)% at 10 kR'>*'^^41^o'io^-in^var. was 0.96% and 0.99  at  >'n.04%11Nfe ias ar. PRT-7 and var. PRT-12 
respectively. 
. | ( * - N. >^ 
4. Multinucleate condition V»X t^-^~ J " ) ? 0 J^J 
Multinucleate condition vi^^tei^vedjH^Most all the mutagenic treatments 
(Plate IV, Fig. 45) except at the lower doses/concentrations of mutagens in both the 
varieties (i.e., 0.01%, 0.02% MMS and 5 kR y-rays in var. PRT-7 and 0.01% MMS, 5 
kR, 10 kR y-rays in var. PRT-12). The frequency of PMCs with multinucleate 
condition ranged from 0.32%-0.99% (MMS), 0.32%-0.66% (y-rays) and 0.32%-
0.96% (y-rays + MMS) in var. PRT-7, whereas, this range was 0.32%-0.66% (MMS), 
0.0%-0.32% (y-rays) and 0.31%-0.66% (y-rays + MMS) in var. PRT-12. The 
combination treatments induced more frequency of PMCs with micronuclei than the 
individual mutagenic treatments. Moreover, the highest dose/concentration of each 
mutagen induced the highest frequency of PMCs with micronuclei in both the 
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Experimental Results 
varieties. The maximum frequency of PMCs showing muhinucleate condition was 
0.96% and 0.66% at 10 kR + 0.04% MMS in var. PRT-7 and PRT-12 respectively. 
In addition of the above mentioned meiotic abnormalities, a few aberrations 
like cytomixis at metaphase I (Plate IV, Fig. 48), clumping of chromosomes at 
anaphase I (Plate I, Fig. 23), disturbed anaphase II (Plate III, Figs. 30, 32) and non-
synchronization at anaphase II (Plate III, Figs. 35, 36) were also noticed in some 
PMCs but in very low frequency. 
Perusal of the results in Tables 11 and 12 revealed that meiotic aberrations 
increased with the increase in dose/concentration of each mutagen both individually 
as well as in combination in both the varieties. The overall frequency of meiotic 
aberrations at various stages of meiosis indicated that metaphase aberrations were 
more common followed by anaphase and telophase aberrations (Table 13). 
Combination treatments were most effective followed by MMS and y-rays in inducing 
maximum frequency of meiotic aberrations in both the varieties. However, the 
frequency of meiotic aberrations was comparatively more in var. PRT-7 than the var. 
PRT-12. 
4.1.6 Morphological variations 
To understand the response of two varieties viz., PRT-7 and PRT-12 of broad 
bean to different mutagenic treatments, the control as well as treated population were 
screened carefiiUy to identify the various types of morphological variations at 
different stages of growth in Mi generation. Some viable, phenotypically detectable 
morphological variants with altered characters i.e., plant height (tall and dwarf), 
growth habit (bushy), leaf size (broad leaves), leaf colour (chlorophyll variants), pod 
size (bold and long pods), seed coat colour and pattern (brown, black and greenish 
black seeds and seeds having peculiar markings on seed coat) and yield parameters 
(increased number of fertile branches and pods per plant) were isolated in Mj 
generation of broad bean. The representative photographs of these morphological 
variants are given in Plate V to XVI (Figs. 49 to 87). 
The extended variability among these variants was assessed in terms of 
variation frequency based on the percent of the total surviving population in Mi 
generation. A detailed analysis of frequency of each morphological variant induced by 
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the MMS, y-rays and their combination treatments in the var. PRT-7 and var. PRT-12 
is presented in the Tables 14 and 15 whereas, the frequency of total morphological 
variants induced by the individual and combination treatments in the two varieties of 
broad bean is given in the Table 16. The frequency of morphological variants in two 
varieties indicated that both the varieties of broad bean respond differently to the 
mutagenic treatments. Individual mutagenic treatments induced more frequency of 
morphological variations than the combination treatments in both the varieties. 
However, the var. PRT-12 showed more morphological variants than the var. PRT-7. 
The characteristics of the morphological variants isolated in Mi generation of 
broad bean are as follows : 
1. Tall variants 
The plants exceeding the height from their respective controls by at least 10 
cm were placed in this category (Plates VII, VIII, Figs. 56, 60). These variants were 
isolated from the population treated with individual mutagens in both the varieties. 
Out of the total morphological variants, the frequency of these variants was 0.72% 
and 1.38% in var. PRT-7 and var. PRT-12 respectively. These variants showed only 
increase in the plant height. 
2. Dwarf variants 
The plants which showed reduction in height by at least 10 cm from their 
respective controls were put in this category (Plates VII, VIII, Figs. 57, 61). These 
variants were noticed in y-rays and combination treatments in var. PRT-7, while, in 
the var. PRT-12, these were observed only in the combination treatments. These 
variants showed shorter intemodes, smaller pods and low yield as compared to their 
respective controls. The frequency of these variants was 0.82% and 0.87% in var. 
PRT-7 and var. PRT-12 respectively. 
3. Bushy variants 
These variants were highly vigorous in growth having more number of 
branches and slight compact arrangement of leaves as compared to their respective 
controls in both the varieties (Plate VII, Fig. 58). These variants were isolated from all 
the mutagenic treatments in both the varieties. The frequency of these variants was 
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more in var. PRT-12 (1.82%) as compared to var. PRT-7 (1.54%). These variants 
were mostly tall looking. Although, the bushy variants with slight reduced plant 
height were also observed in both the varieties. 
4. Broad leaf variants 
These variants showed larger size of leaflets. These variants were isolated only 
from MMS treated populations in both the varieties in low frequency i.e., 0.37% and 
0.35% in var. PRT-7 and var. PRT-12 respectively. 
5. Chlorophyll variants 
These variants are of albina, chlorina and xantha types (Plate VI, Figs. 51 to 
54). In case of albina type of chlorophyll variant the seedling was white in colour, 
relatively smaller than the normal looking seedlings of the same age and survived for 
8-10 days only, while in case of chlorina type of chlorophyll variant the seedling was 
light green or yellowish-green in colour and survived for 25-30 days only. In case of 
xantha type of chlorophyll variants the seedlings were straw yellow in colour and 
viable but with low fruit setting at maturity. These variants were isolated from the y-
rays and combination treatments in var. PRT-7, while in var. PRT-12 these were 
isolated from the both the individual mutagenic treatments. The frequency of these 
variants was 0.82% and 0.68% in var. PRT-7 and var. PRT-12 respectively. 
6 Bold and long poded variants 
These variants had increased pod and seed size or had more number of seeds 
per pod as compared to their respective controls in both the varieties (Plates IX, XII, 
XIII, Figs. 66, 75-80). These variants were isolated from individual mutagenic 
treatments in both the varieties. The frequency of these variants was 1.07% and 1.02% 
in var. PRT-7 and var. PRT-12 respectively. 
7 Seed coat colour and pattern variants 
These variants showed remarkably distinct seed coat colour i.e. black, green 
black in var. PRT-7 and brown in var. PRT-12, as compared to their respective 
controls with an increase or decrease in seed size. Some of these variants showed 
peculiar markings on the seed coat (Plates XIV-XVI, Figs. 81-87). These variants 
were isolated from the population treated with MMS and y-rays in var. PRT-7, 
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whereas, in the var. PRT-12, these variants were isolated from the y-rays and 
combination treatments. The frequency of these variants was 1.09% and 0.77% in var. 
PRT-7 and var. PRT-12 respectively. 
6. High yielding variants 
These variants showed increase in the total yield per plant (g). These variants 
were mostly tall looking and bushy having increased number of fertile branches, and 
increased number of pods as compared to their respective controls m both the 
varieties (Plate XI, Figs. 63-65). These variants were isolated from both the individual 
as well as combination treatments in both the varieties. However, the var. PRT-12 
recorded more frequency of these variants i.e. 2.15% as compared to var. PRT-7 
(1.54%). 
4.1.7 Studies on quantitative characters 
The effect of MMS, y-rays and their combination treatments was studied on 
eleven quantitative characters viz., days to flowering, number of flowers per plant, 
plant height (cm), days to maturity, number of fertile branches per plant, number of 
pods per plants, length per pod (cm), width per pod (cm), number of seeds per pod, 
100-seed weight (g) and total yield per plant (g) in Mi generation. The statistical 
analysis was done to find out the range, mean (X), standard error (S.E.), shift in 
mean, standard deviation (S.D.) and coefficient of variation (C.V.) for these 
quantitative traits in the treated population. Data on all these quantitative characters in 
two varieties of broad bean are summarized in the Tables 17 to 27. Effect of MMS, y-
rays and this combination treatments on pooled values of mean (X) and coefficient 
of variation (C.V.) for various quantitative characters in Mj generation of broad bean 
(Viciafaba L.) var. PRT-7 and var. PRT-12 individually as well as the comparative 
effect of these mutagenic treatments on various quantitative characters in var. PRT-7 
and var. PRT-12 is given in Table 28-30. 
In the present investigation the means of all the quantitative characters shifted 
in both the positive as well as in negative direction. The lower doses/concentrations of 
both the individual mutagens and the combination treatments were most effective in 
inducing the positive shift in the means values for all the quantitative characters in 
both the varieties except for the days to flowerings, days to maturity where the reverse 
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was true, while in case of plant height, a negative shift was observed at almost all the 
doses/ concentrations in all the mutagens in both the varieties. 
The pooled mean values for days to flowering and days to maturity showed 
slight delaying effect in the combination treatments while in the individual mutagenic 
treatments it showed a slight decrease in the pooled mean values as compared to 
control in the var. PRT-7, whereas in the var. PRT-12, the slight delaying effect of 
mutagens was noticed in both the y-rays as well as in the combination treatments. The 
pooled mean values for plant height (cm) showed decrease in all the individual and 
the combination treatments in both the varieties. The pooled mean values for flowers 
per plant, fertile branches per plant, pods per plant, 100-seed weight (g) and total 
yield per plant (g) showed slight increase in both the individual mutagenic treatments 
whereas in the combination treatments a little decrease was noticed in both the 
varieties. The pooled mean values for number of fertile branches per plant, average 
length and width of pod (cm) and number of seeds per pods remained almost 
unchanged in both the individual as well as combination treatments in both the 
varieties. 
The polygenic variability measured in terms of coefficient of variation (C.V. 
%) increased in all the mutagenic treatments as compared to control in both the 
varieties. The maximum coefficient of variability was recorded for number of fertile 
branches per plant followed by number of seeds per pod and average width of pod in 
both the varieties whereas, the lower values of coefficient of variations were recorded 
for the days to flowering and days to maturity in both the varieties. 
A perusal of the results of various quantitative traits revealed that each trait 
was affected individually by the mutagen and the differential varietal response to 
different mutagens was also observed. In general, the lower doses/concentrations of 
both the individual as well as combination treatments were most effective in inducing 
the positive shift in the mean values, while the higher treatments showed reduction in 
the mean values in both the varieties, but this condition was just opposite for days to 
flowering and days to maturity. With respect to the pooled mean values, the 
individual mutagenic treatments showed positive shift whereas the combination 
treatments reduced the pooled mean values as compared to control in both the 
varieties except in case of days to flowering and days to maturity where the reverse 
was true. 
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Table 17. Range, mean (X), shift inX, standard deviation (S.D.) and coefficient 
of variation (C.V.) for days to flowering in Mi generation of broad 
bean (Viciafaba L.) var. PRT-7 and var. PRT-12 
Mutagen Treatment Range X±S.E. Shifting .^D. C.V.(%) 
Var. PRT-7 
Control 91-93 92.13±0.19 0.74 0.81 
MMS 
y-rays 
y-rays + 
MMS 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15 kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
10 kR+0.03% 
lOkR+0.04% 
88-92 
89-93 
88-91 
91-95 
89-92 
88-91 
89-93 
92-97 
90-93 
90-94 
92-96 
94-98 
89.47±0.36 
90.33±0.40 
89.67±0.30 
93.40±0.38 
90.60±0.35 
89.73±0.33 
90.87±0.40 
93.80±0.44 
91.60±0.31 
91.87±0.43 
93.67±0.37 
95.53±0.41 
Var. PRT-12 
-2.66 
-1.80 
-2.46 
+1.27 
-1.53 
-2.40 
-1.26 
+1.67 
-0.53 
-0.26 
+1.54 
+3.40 
1.41 
1.54 
1.18 
1.45 
1.35 
1.28 
1.55 
1.70 
1.18 
1.68 
1.45 
1.60 
1.57 
1.71 
1.31 
1.56 
1.49 
1.43 
1.71 
1.81 
1.29 
1.83 
1.55 
1.67 
MMS 
y-rays 
y-rays + 
MMS 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
10 kR+0.03% 
lOkR+0.04% 
93-95 
91-94 
90-94 
92-96 
94-97 
92-95 
91-94 
94-97 
95-99 
92-95 
92-96 
94-99 
96-99 
94.27±0.21 
92.53+0.29 
92.33+0.39 
94.07+0.43 
94.93+0.30 
93.40+0.35 
92.67+0.32 
95.20+0.28 
97.07+0.36 
93.73+0.32 
93.67+0.36 
95.47+0.41 
97.53+0.34 
-
-1.74 
-1.94 
-0.20 
+0.66 
-0.87 
-1.60 
+0.93 
+2.80 
-0.54 
-O.60 
+1.20 
+3.26 
0.80 
1.13 
1.50 
1.67 
1.16 
1.35 
1.23 
1.08 
1.39 
1.22 
1.40 
1.60 
1.30 
0.85 
1.22 
1.62 
1.77 
1.22 
1.45 
1.33 
1.14 
1.43 
1.30 
1.49 
1.67 
1.33 
Table 18. Range, mean (X), shift i n ^ , standard deviation (S.D.) and coefficient 
of variation (C.V.) for number of flower per plant in Mi generation of 
broad bean {Viciafaba L.) var. PRT-7 and var. PRT-12 
Mutagen Treatment Range X±S.E. Shift in X S.D. C.V.(%) 
Var. PRT-7 
Control 78-82 80.27±0.34 1.33 1.66 
MMS 
y-rays 
y-rays + 
MMS 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
10 kR 
15kR 
20 kR 
lOkR+0.01% 
10 kR+0.02% 
10 kR+0.03% 
lOkR+0.04% 
80-87 
79-87 
78-86 
69-79 
82-89 
82-90 
77-88 
68-77 
77-85 
78-90 
76-89 
69-80 
84.07±0.48 
82.80±0.56 
83.13±0.57 
74.27±0.77 
85.27±0.60 
85.53±0.58 
83.60±0.80 
73.73±0.65 
81.27±0.60 
83.27±0.85 
80.73±0.90 
74.40±0.89 
Var. PRT-12 
+3.80 
+2.53 
+2.86 
-6.00 
+5.00 
+5.26 
+3.33 
-6.54 
+1.00 
+3.00 
+0.46 
-5.87 
1.87 
2.18 
2.20 
2.96 
2.31 
2.23 
3.09 
2.52 
2.31 
3.31 
3.49 
3.44 
2.22 
2.63 
2.65 
3.99 
2.71 
2.61 
3.70 
3.42 
2.85 
3.97 
4.33 
4.62 
Control 62-67 64.53±0.36 1.41 2.18 
MMS 
y-rays 
y-rays + 
MMS 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
lOkR+0.01% 
10 kR+0.02% 
10 kR+0.03% 
lOkR+0.04% 
62-68 
64-74 
64-72 
61-66 
65-73 
62-68 
61-69 
56-62 
61-68 
61-72 
60-68 
52-63 
65.07±0.51 
68.60±0.75 
67.73±0.73 
63.67±0.39 
68.67±0.69 
65.27±0.49 
65.73+0.77 
59.13+0.51 
64.80+0.55 
65.67+0.84 
63.40+0.68 
59.13+0.95 
+0.54 
+4.07 
+3.20 
-0.86 
+4.14 
+0.74 
+1.20 
-5.40 
+0.27 
+1.14 
-1.13 
-5.40 
1.98 
2.92 
2.81 
1.50 
2.66 
1.91 
2.96 
1.96 
2.14 
3.27 
2.64 
3.68 
3.04 
4.26 
4.16 
2.35 
3.88 
2.92 
4.51 
3.31 
3.31 
4.97 
4.16 
6.23 
Table 19. Range, mean (X), shift inX, standard deviation (S.D.) and coefHcient 
of variation (C.V.) for plant height (cm) in Mi generation of broad 
bean (Viciafaba L.) var. PRT-7 and var. PRT-12 
Mutagen Treatment Range Ji'iS.E. Shifting S.D. C.V.(%) 
Var. PRT-7 
Control 70.5-76.8 74.41±0.45 1.73 2.32 
MMS 
y-rays 
y-rays + 
MMS 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
lOkR+0.03% 
lOkR+0.04% 
68.4-76.4 73.75±0.61 
69.3-80.5 75.70±0.81 
67.4-78.7 71.95±0.80 
66.5-77.4 70.97±0.95 
70.3-79.6 75.71±0.69 
70.1-78.4 74.11±0.64 
67.4-75.8 71.71±0.73 
64.5-75.2 71.48±0.78 
67.3-76.2 72.24±0.67 
66.2-77.8 73.39±0.77 
65.6-75.9 70.23±0.85 
63.2-76.5 69.41±0.88 
-0.66 
+1.29 
-2.46 
-3.44 
+1.30 
-0.30 
-2.70 
-2.93 
-2.17 
-1.02 
-4.18 
-5.00 
2.36 
3.13 
3.10 
3.68 
2.68 
2.48 
2.81 
3.01 
2.60 
2.99 
3.28 
3.42 
3.19 
4.13 
4.31 
5.18 
3.54 
3.35 
3.92 
4.21 
3.60 
4.08 
4.67 
4.93 
Var. PRT-12 
MMS 
y-rays 
y-rays + 
MMS 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
lOkRH).03% 
lOkR+0.04% 
67.3-72.5 
66.2-75.9 
64.4-74.3 
61.7-72.8 
61.5-71.3 
64.9-73.2 
63.6-74.5 
64.3-73.6 
60.2-71.8 
62.3-71.5 
62.5-72.3 
59.7-70.4 
57.8-69.3 
69.71±0.48 
70.55±0.66 
68.91±0.63 
68.23±0.88 
66.25±0.79 
69.47±0.65 
67.69±0.96 
68.84+0.79 
65.66+0.71 
67.39+0.72 
68.23+0.81 
65.63±0.89 
64.35+0.94 
-
+0.84 
-0.80 
-1.48 
-3.46 
-0.24 
-2.02 
-0.87 
-4.05 
-2.32 
-1.48 
-4.08 
-5.36 
1.87 
2.55 
2.44 
3.40 
3.06 
2.51 
3.74 
3.07 
2.74 
2.79 
3.14 
3.45 
3.63 
2.68 
3.61 
3.54 
4.99 
4.62 
3.62 
5.52 
4.46 
4.18 
4.14 
4.61 
5.26 
5.64 
Table 20. Range, mean (X), shift in X, standard deviation (S.D.) and coefficient 
of variation (C.V.) for days to maturity in Mi generation of broad 
bean {Viciafaba L.) var. PRT-7 and var. PRT-12 
Mutagen Treatment Range jr±s.E. Shift in X 
Var. PRT-7 
S.D. C.V.(%) 
Control 151-153 152.27±0.21 0.80 0.52 
MMS 
y-rays 
y-rays + 
MMS 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
10 kR+0.01% 
10 kR+0.02% 
lOkR+0.03% 
10 kR+0.04% 
148-152 
149-153 
149-152 
151-155 
149-152 
148-152 
150-153 
152-157 
150-153 
149-153 
154-157 
154-159 
149.60±0.36 
150.73±0.37 
150.27±0.28 
152.47±0.38 
150.47±0.27 
149.73±0.44 
151.27±0.28 
153.40±0.43 
151.87±0.27 
151.33±0.35 
154.87±0.26 
155.60±0.36 
Var. PRT-12 
-2.67 
-1.54 
-2.00 
+0.20 
-1.80 
-2.54 
-1.00 
+1.13 
-0.40 
-0.94 
+2.60 
+3.33 
1.40 
1.44 
1.10 
1.46 
1.06 
1.71 
1.10 
1.68 
1.06 
1.35 
0.99 
1.40 
0.94 
0.95 
0.73 
0.96 
0.70 
1.14 
0.73 
1.10 
0.70 
0.89 
0.64 
0.90 
Control 160-162 161.20+0.20 0.77 0.48 
MMS 
y-rays 
y-rays + 
MMS 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
10 kR+0.01% 
10 kR+0.02% 
lOkR+0.03% 
10 kR+0.04% 
158-162 159.67+0.41 
159-162 160.53+0.27 
157-161 158.60+0.38 
161-165 162.33+0.36 
159-162 160.60+0.25 
157-160 158.33+0.29 
160-165 162.40+0.52 
162-166 164.47+0.43 
159-163 160.67+0.27 
159-162 160.60+0.31 
161-165 163.33+0.41 
164-168 166.07+0.33 
-1.53 
-0.67 
-2.60 
+1.13 
-0.60 
-2.87 
+1.20 
+3.27 
-0.53 
-0.60 
+2.13 
+4.87 
1.59 
1.06 
1.45 
1.40 
0.99 
1.11 
2.03 
1.46 
1.05 
1.18 
1.59 
1.28 
0.99 
0.66 
0.92 
0.86 
0.61 
0.70 
1.25 
0.89 
0.65 
0.74 
0.97 
0.77 
Table 21. Range, mean (X), shift in A', standard deviation (S.D.) and coefficient 
of variation (C.V.) for number of fertile branches per plant in Mi 
generation of broad bean {Viciafaba L.) var. PRT-7 and var. PRT-12 
Mutagen 
MMS 
y-rays 
y-rays + 
MMS 
MMS 
y-rays 
y-rays + 
MMS 
Treatment 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
10 kR 
15 kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
lOkR+0.03% 
lOkR+0.04% 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15 kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
lOkR+0.03% 
lOkR+0.04% 
Range X±S.E. 
Var. PRT-7 
2-4 
3-6 
2-5 
2-7 
2-8 
2-7 
2-7 
2-8 
2-6 
2-5 
2-7 
2-9 
2-5 
3.53±0.17 
4.33±0.25 
3.87±0.27 
3.93±0.38 
3.27±0.44 
3.80±0.31 
4.13±0.32 
3.73±0.53 
3.20±0.28 
3.73±0.30 
3.60±0.47 
3.13±0.51 
3.07±0.30 
Var. PRT-12 
2-5 
2-11 
2-8 
2-6 
2-9 
2-6 
3-7 
2-9 
2-7 
2-11 
3-9 
2-8 
2-7 
4.13±0.22 
5.20±0.69 
4.73±0.41 
4.33±0.33 
3.40±0.47 
4.60±0.32 
4.47±0.35 
5.13±0.50 
3.27±0.36 
4.87±0.65 
4.53±0.50 
3.40±0.46 
3.07±0.36 
Shift in X 
-
+0.80 
+0.34 
+0.40 
-0.26 
+0.27 
+0.60 
+0.20 
-0.33 
+0.20 
+0.07 
-0.40 
-0.46 
-
+1.07 
+0.60 
+0.20 
-0.73 
+0.47 
+0.34 
+1.00 
-0.86 
+0.74 
+0.40 
-0.73 
-1.06 
S.D. 
0.64 
0.98 
1.06 
1.49 
1.71 
1.21 
1.25 
2.05 
1.08 
1.16 
1.80 
1.96 
1.16 
0.83 
2.68 
1.58 
1.29 
1.80 
1.24 
1.36 
1.92 
1.39 
2.53 
1.92 
1.76 
1.39 
C.V.(%) 
18.11 
22.52 
27.42 
37.79 
52.34 
31.77 
30.14 
54.96 
33.82 
31.15 
50.13 
62.52 
37.92 
20.17 
51.50 
33.37 
29.79 
53.08 
27.00 
30.35 
37.45 
42.46 
52.02 
42.40 
51.90 
45.23 
Table 22. Range, mean (X), shift in^ , standard deviation (S.D.) and coefficient 
of variation (C.V.) for number of pods per plant in Mi generation of 
broad bean {Viciafaba L.) var. PRT-7 and var. PRT-12 
Mutagen Treatment Range JSr±S.E. Shift in JT .^D. C.V.(%) 
Var. PRT-7 
Control 39-45 44.20±0.40 1.57 3.55 
MMS 
y-rays 
y-rays + 
MMS 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
10 kR+0.01% 
10 kR+0.02% 
10 kR+0.03% 
10 kR+0.04% 
42-50 
43-56 
41-50 
36-49 
42-53 
43-50 
42-49 
38-49 
41-50 
40-54 
40-53 
34-43 
46.07±0.73 
47.53±0.95 
45.73±0.75 
40.40±0.90 
46.80±0.82 
45.60±0.58 
45.93±0.66 
41.93±0.79 
45.73±0.77 
44.73±0.92 
43.67±0.86 
38.53±0.79 
Var. PRT-12 
+1.87 
+3.33 
+1.53 
-3.80 
+2.60 
+1.40 
+1.73 
-2.27 
+1.53 
+0.53 
-0.53 
-5.67 
2.84 
3.68 
2.91 
3.48 
3.19 
2.23 
2.55 
3.06 
2.96 
3.56 
3.33 
3.07 
6.17 
7.74 
6.37 
8.62 
6.81 
4.89 
5.55 
7.29 
6.48 
7.95 
7.63 
7.96 
MMS 
y-rays 
y-rays + 
MMS 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15 kR 
20 kR 
lOkR+0.01% 
10 kR+0.02% 
10 kR+0.03% 
10 kR+0.04% 
28-33 
30-38 
30-41 
25-37 
26-35 
32-39 
29-39 
27-35 
24-33 
28-43 
23-37 
25-34 
24-31 
31.13±0.31 
34.33±0.70 
33.60±0.76 
34.47+0.77 
30.33+0.76 
34.87+0.52 
32.87+0.82 
31.53+0.71 
28.13+0.72 
31.80+0.93 
32.73+0.86 
29.33+0.72 
27.67+0.62 
-
+3.20 
+2.47 
+3.34 
-0.80 
+3.74 
+1.74 
+0.40 
-3.00 
+0.67 
+1.60 
-1.80 
-3.46 
1.19 
2.72 
2.95 
3.00 
2.94 
2.03 
3.16 
2.75 
2.77 
3.61 
3.35 
2.79 
2.41 
3.81 
7.91 
8.77 
8.69 
9.71 
5.82 
9.61 
8.72 
9.86 
11.35 
10.23 
9.53 
8.71 
Table 23. Range, mean (X), shift inX, standard deviation (S.D.) and coefficient 
of variation (C.V.) for length per pod (cm) in Mi generation of broad 
bean (Viciafaba L.) var. PRT-7 and var. PRT-12 
Mutagen 
MMS 
y-rays 
y-rays + 
MMS 
Treatment 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
10 kR 
15kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
10 kR+0.03% 
lOkR+0.04% 
Range ;r±s.E. 
Var. PRT-7 
4.5-5.8 
4.6-6.1 
4.8-6.2 
4.4-5.8 
4.0-5.3 
4.9-6.2 
4.3-6.0 
3.9-5.8 
4.0-5.9 
4.2-6.0 
4.4-6.1 
3.8-5.7 
3.9-5.5 
5.08±0.08 
5.26±0.10 
5.49±0.11 
5.14±0.11 
4.58±0.09 
5.43±0.11 
5.17±0.10 
4.92±0.12 
4.69±0.11 
5.13±0.14 
5.39±0.13 
4.80±0.11 
4.61±0.10 
Var. PRT-12 
Shift in X 
-
+0.18 
+0.41 
+0.06 
-0.50 
+0.35 
+0.09 
-0.16 
-0.39 
+0.05 
+0.31 
-0.28 
-0.47 
S.D. 
0.37 
0.45 
0.49 
0.49 
0.39 
0.49 
0.43 
0.52 
0.48 
0.65 
0.59 
0.48 
0.44 
C.V.(%) 
7.23 
8.62 
8.94 
9.61 
8.46 
8.98 
8.27 
10.57 
10.28 
12.60 
10.92 
9.91 
9.52 
MMS 
y-rays 
y-rays + 
MMS 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
10 kR 
15kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
lOkR-i-0.03% 
10 kR+0.04% 
4.8-6.2 5.29±0.07 
4.7-6.4 5.72±0.11 
4.6-6.1 5.31±0.11 
4.5-6.2 5.56±0.12 
4.0-5.5 4.95±0.11 
4.5-6.4 5.67±0.15 
4.8-6.5 5.83±0.11 
4.0-5.8 5.08±0.12 
3.9-5.2 4.66±0.11 
4.8-6.3 5.64±0.11 
4.5-6.0 5.30±0.12 
4.1-5.6 4.94±0.13 
3.8-5.2 4.77±0.12 
-
+0.43 
+0.02 
+0.27 
-0.34 
+0.38 
+0.54 
-0.21 
-0.63 
+0.35 
+0.01 
-0.35 
-0.52 
0.33 
0.50 
0.50 
0.53 
0.47 
0.65 
0.50 
0.54 
0.51 
0.50 
0.54 
0.57 
0.55 
6.16 
8.69 
9.32 
9.62 
9.59 
11.52 
8.61 
10.56 
10.86 
8.84 
10.19 
n.58 
11.64 
Table 24. Range, mean (X), shift in^ , standard deviation (S.D.) and coefficient 
of variation (CV.) for width per pod (cm) in Mi generation of broad 
bean (Viciafaba L.) var. PRT-7 and van PRT-12 
Mutagen 
MMS 
y-rays 
y-rays + 
MMS 
Treatment 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
10 kR+0.03% 
10 kR+0.04»/o 
Range X±S.E. 
Var. PRT-7 
0.6-1.0 
0.8-1.1 
0.7-1.1 
0.8-1.1 
0.7-1.0 
0.8-1.1 
0.7-1.1 
0.7-1.1 
0.6-1.1 
0.8-1.1 
0.6-1.1 
0.6-1.0 
0.6-1.0 
0.83±0.02 
0.90±0.02 
0.91±0.03 
0.96±0.03 
0.81±0.03 
0.98±0.03 
0.96±0.03 
0.91±0.03 
0.81±0.03 
0.95±0.03 
0.85±0.03 
0.81±0.03 
0.82±0.03 
Var. PRT-12 
Shift in X 
-
+0.07 
+0.08 
+0.13 
-0.02 
+0.15 
+0.13 
+0.08 
-0.02 
+0.12 
+0.02 
-0.02 
-0.01 
S.D. 
0.10 
0.11 
0.12 
0.13 
0.12 
0.12 
0.15 
0.14 
0.16 
0.14 
0.11 
0.12 
0.12 
C.V. (%) 
11.79 
11.96 
13.64 
13.79 
14.39 
11.94 
15.26 
15.08 
19.17 
14.35 
13.50 
15.33 
14.04 
MMS 
y-rays 
y-rays + 
MMS 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
10kR+0.01°/o 
10kR+0.02''/o 
101cR+0.03Vo 
lOkR+0.04% 
0.8-1.2 
0.8-1.3 
0.8-1.2 
0.8-1.2 
0.8-1.3 
0.8-1.3 
0.8-1.3 
0.7-1.2 
0.6-1.2 
0.6-1.3 
0.8-1.3 
0.7-1.3 
0.6-1.3 
1.03±0.02 
1.08±0.03 
1.06+0.03 
1.00+0.03 
1.02+0.03 
1.06+0.04 
1.07+0.04 
1.01+0.04 
0.96+0.04 
1.04+0.04 
1.06+0.04 
1.01+0.04 
0.97+0.04 
-
+0.05 
+0.03 
-0.03 
-0.01 
+0.03 
+0.04 
-0.02 
-0.07 
+0.01 
+0.03 
-0.02 
-0.06 
0.10 
0.15 
0.14 
0.16 
0.13 
0.17 
0.18 
0.16 
0.19 
0.19 
0.18 
0.18 
0.18 
10.01 
14.12 
13.13 
15.56 
13.29 
16.02 
16.91 
16.29 
20.23 
18.56 
16.60 
17.82 
18.95 
Table 25. Range, mean (X), shift inX, standard deviation (S.D.) and coefficient 
of variation (C.V.) for number of seeds per pod in Mi generation of 
broad bean {Viciafaba L.) var. PRT-7 and var. PRT-12 
Mutagen 
MMS 
y-rays 
y-rays + 
MMS 
MMS 
y-rays 
y-rays + 
MMS 
Treatment 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15 kR 
20 kR 
10 kR+0.01% 
10 kR+0.02% 
lOkR+0.03% 
10 kR+0.04% 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
10 kR+0.01% 
10 kR+0.02% 
lOkRH).03% 
10 kR+0.04% 
Range X±S.E. 
Var. PRT-7 
2-3 
2-4 
2-3 
2-4 
2-3 
2-4 
2-4 
2-3 
2-3 
2-4 
2-3 
2-3 
2-3 
2.80±0.09 
3.15+0.17 
2.85+0.08 
3.20+0.17 
2.75+0.10 
3.00+0.15 
3.10+0.18 
2.70+0.11 
2.55+0.11 
2.90+0.14 
2.85+0.08 
2.65+0.11 
2.10+0.07 
Var. PRT-12 
2-3 
2-4 
2-3 
2-4 
2-4 
2-4 
2-4 
2-3 
2-3 
2-4 
2-4 
2-3 
2-3 
2.75+0.10 
3.20+0.16 
2.80+0.09 
3.05+0.15 
2.65+0.15 
3.05+0.15 
3.00+0.15 
2.85+0.08 
2.50+0.11 
2.85+0.15 
3.15+0.18 
2.50±Q.U 
2.05+0.05 
Shift in X 
-
+0.35 
+0.05 
+0.40 
-0.05 
+0.20 
+0.30 
-0.10 
-0.25 
+0.10 
+0.05 
-0.15 
-0.70 
-
+0.45 
+0.05 
+0.30 
-0.10 
+0.30 
+0.25 
+0.10 
-0.25 
+0.10 
+0.40 
-0.25 
-0.70 
S.D. 
0.41 
0.75 
0.37 
0.77 
0.44 
0.65 
0.79 
0.47 
0.51 
0.64 
0.37 
0.49 
0.31 
0.44 
0.70 
0.41 
0.69 
0.67 
0.69 
0.65 
0.37 
0.51 
0.67 
0.81 
0.51 
0.22 
C.V.(%) 
14.66 
23.66 
12.85 
23.99 
16.15 
21.63 
25.42 
17.41 
20.02 
22.09 
12.85 
18.47 
14.66 
16.15 
21.75 
14.66 
22.50 
25.31 
22.50 
21.63 
12.85 
20.52 
23.54 
25.80 
20.52 
10.91 
Table 26. Range, mean (X), shift in X, standard deviation (S.D.) and coefficient 
of variation (CV.) for 100-seed weight (g) in Mi generation of broad 
bean (Viciafaba L.) var. PRT-7 and van PRT-12 
Mutagen 
MMS 
y-rays 
y-rays + 
MMS 
Treatment 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15 kR 
20 kR 
10 kR+O.Oiro 
lOkR+0.02% 
lOkR+O.OSro 
lOkR+0.04% 
Range X±S.E. 
Var. PRT-7 
22.26-25.18 
20.34-28.52 
22.25-29.84 
10.26-26.7:^  
16.10-27.72 
22.12-27.80 
20.76-26.46 
17.25-29.52 
18.46-24.76 
20.16-32.74 
21.84-29.32 
16.26-24.90 
16.48-22.74 
23.65±0.22 
24.53±0.70 
25.08±0.54 
24.34i:i>.5i> 
21.90±0.88 
24.81±0.48 
23.77±0.41 
25.54±0.97 
22.32±0.52 
24.97±0.93 
25.18±0.59 
21.47±0.61 
19.13±0.45 
Var. PRT-12 
Shift in X 
-
+0.88 
+1.43 
+0.69 
-1.75 
+1.16 
+0.12 
+1.89 
-1.33 
+1.32 
+1.53 
-2.18 
-4.52 
S.D. 
0.85 
2.72 
2.10 
\ . % 
3.40 
1.86 
1.60 
3.75 
2.02 
3.59 
2.27 
2.35 
1.74 
C.V. (%) 
3.58 
11.07 
8.38 
1.% 
15.54 
7.48 
6.62 
14.69 
9.03 
14.37 
9.01 
10.95 
9.08 
MMS 
y-rays 
y-rays + 
MMS 
Control 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
\OWl+0.03.'yo 
lOkR+0.04% 
32.24-37.40 
27.08-38.67 
26.95-38.40 
25.14-36.85 
24.52-36.15 
30.80-39.92 
31.43-41.63 
28.76-36.51 
27.83-36.10 
28.48-37.62 
22.36-33.61 
1\.3«\.26 
21.16-30.48 
34.40±0.44 
35.11±0.88 
34.54±0.85 
33.01±0.90 
32.49+0.87 
35.63±0.92 
37.39±0.95 
32.80+0.66 
32.97+0.82 
34.55+0.71 
30.07+0.81 
27.20iO.S5 
26.20+0.86 
-
+0.71 
+0.14 
-1.39 
-1.91 
+1.23 
+2.99 
-1.60 
-1.43 
+0.15 
-4.33 
-7.20 
-8.20 
1.69 
3.41 
3.29 
3.47 
3.39 
3.55 
3.69 
2.56 
3.16 
2.76 
3.15 
3.30 
3.32 
4.92 
9.73 
9.52 
10.51 
10.42 
9.97 
9.87 
7.80 
9.60 
8.00 
10.48 
12.14 
12.66 
Table 27. Range, mean {X), shift i nZ , standard deviation (S.D.) and coefficient 
of variation (C.V.) for total yield per plant (g) in Mi generation of 
broad bean {Vtciafaba L.) var. PRT-7 and var. PRT-12 
Mutagen Treatment Range Ji'iS.E. Shifting ^.D. C.V. (%) 
Var. PRT-7 
Control 25.20-29.80 27.76±0.38 1.49 5.35 
MMS 
y-rays 
y-rays + 
MMS 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
lOkR+0.03% 
lOkR+0.04% 
26.80-35.50 
26.30-35.40 
23.10-34.50 
19.30-28.80 
29.30-36.60 
27.70-38.20 
25.70-33.20 
19.30-28.70 
25.60-36.80 
24.60-35.40 
19.60-28.40 
14.50-23.80 
32.31±0.73 
30.49±0.76 
31.09±0.82 
23.79±0.62 
32.30±0.64 
33.41±0.63 
29.43±0.71 
24.35±0.86 
31.71±0.99 
30.32±0.95 
24.21±0.73 
19.08±0.72 
Var. PRT-12 
+4.55 
+2.73 
+3.33 
-3.97 
+4.54 
+5.65 
+1.67 
-3.41 
+3.95 
+2.56 
-3.55 
-8.68 
2.82 
2.95 
3.17 
2.39 
2.49 
2.42 
2.75 
3.33 
3.83 
3.66 
2.81 
2.80 
8.74 
9.68 
10.20 
12.61 
7.70 
7.25 
9.35 
13.69 
12.09 
12.08 
11.61 
14.69 
Control 28.30-32.70 30.36±0.40 1.55 5.11 
MMS 
y-rays 
y-rays + 
MMS 
0.01% 
0.02% 
0.03% 
0.04% 
5kR 
lOkR 
15kR 
20 kR 
lOkR+0.01% 
lOkR+0.02% 
lOkR+0.03% 
lOkR+0.04% 
31.20-39.40 
28.30-36.60 
27.30-38.30 
23.40-33.60 
30.40-38.70 
30.10-41.50 
28.30-37.20 
20.30-27.60 
28.40-37.30 
29.20-38.70 
17.90-26.10 
14.50-25.10 
35.13±0.74 
31.36±0.76 
33.45±0.81 
28.57±0.92 
34.86±0.62 
34.53±0.94 
32.16±0.91 
24.14±0.52 
33.81±0.67 
34.59±0.81 
23.15±0.67 
19.62±0.69 
+4.77 
+1.00 
+3.09 
-1.79 
+4.50 
+4.17 
+1.80 
-6.22 
+3.45 
+4.23 
-7.21 
-10.74 
2.86 
2.96 
3.14 
3.55 
2.40 
3.64 
3.53 
2.02 
2.60 
3.14 
2.59 
2.67 
8.14 
9.44 
9.39 
12.41 
6.87 
10.53 
10.97 
8.37 
7.70 
9.09 
11.17 
13.62 
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Table 30. Comparative effect of MMS, y-rays and their combination treatments 
on pooled values of mean (X) and coefficient of variation (C.V.) for 
various quantitative characters in Mi generation of broad bean {Vicia 
faba L.) var. PRT-7 and var. PRT-12 
Character 
Days to 
flowering 
Number of 
Flowers per 
plant 
Plant height 
(cm) 
Days to 
maturity 
Number of 
Fertile 
branches 
per plant 
Number of 
Pods per 
plant 
Treatment 
Control 
MMS 
y-rays 
y-rays + MMS 
Control 
MMS 
y-rays 
y-rays + MMS 
Control 
MMS 
y-rays 
y-rays + MMS 
Control 
MMS 
y-rays 
y-rays + MMS 
Control 
MMS 
y-rays 
y-rays + MMS 
Control 
MMS 
y-rays 
y-rays + MMS 
Var. PRT-7 
MeaitbSE 
92.13±0.19 
90.72±0.36 
91.25±0.38 
93.17±0.38 
80.27±0.34 
81.07±0.60 
82.03±0.66 
79.92±0.81 
74.41±0.45 
73.09±0.79 
73.25±0.71 
71.32±0.79 
152.27±0.21 
150.77±0.35 
15L22±0.36 
153.42±0.31 
3.53±0.17 
3.85±0.34 
3.72±0.36 
3.38±0.40 
44.20±0.40 
44.93±0.83 
45.07±0.74 
43.17±0.84 
C.V. (%) 
0.81 
1.54 
1.61 
1.59 
1.66 
2.87 
3.11 
3.94 
2.32 
4.20 
3.76 
4.32 
0.52 
0.90 
0.92 
0.78 
18.11 
35.02 
37.67 
45.43 
3.55 
7.23 
6.14 
7.51 
Var. PRT-12 
MeaniSE 
94.27±0.21 
93.47±0.35 
94.59±0.33 
95.10±0.36 
64.53±0.36 
66.27±0.60 
64.70±0.62 
63.25±0.76 
69.71±0.48 
68.49±0.74 
67.92±0.78 
66.40±0.84 
161.20±0.20 
160.28±0.36 
161.45±0.37 
162.67±0.33 
4.13±0.22 
4.42±0.48 
4.37±0.38 
3.97±0.49 
31.13±0.31 
33.18±0.75 
31.85±0.69 
30.38±0.78 
C.V. (%) 
0.85 
1.46 
1.34 
1.45 
2.18 
3.45 
3.66 
4.67 
2.68 
4.19 
4.45 
4.91 
0.48 
0.86 
0.86 
0.78 
20.17 
41.94 
34.32 
47.89 
3.81 
8.77 
8.50 
9.96 
Contd. 
Table... Continue 
Length per 
pod (cm) 
Width per 
pod (cm) 
Number of 
Seeds per 
pod 
100-seed 
weight (g) 
Total yield 
per plant (g) 
Control 
MMS 
y-rays 
y-rays + MMS 
Control 
MMS 
y-rays 
y-rays + MMS 
Control 
MMS 
y-rays 
y-rays + MMS 
Control 
MMS 
y-rays 
y-rays + MMS 
Control 
MMS 
y-rays 
y-rays + MMS 
5.08±0.08 
5.12±0.10 
5.05±0.11 
4.98±0.12 
0.83±0.02 
0.90±0.03 
0.92±0.03 
0.86±0.03 
2.80±0.09 
2.99±0.13 
2.84±0.14 
2.63±0.10 
23.65±0.22 
23.96±0.66 
24.11±0.60 
22.69±0.65 
27.76±0.38 
29.42±0.73 
29.87±0.71 
26.33±0.85 
7.23 
8.91 
9.53 
10.74 
11.79 
13.45 
15.36 
14.31 
14.66 
19.16 
21.12 
17.02 
3.58 
10.73 
9.46 
10.85 
5.35 
10.31 
9.50 
12.62 
5.29±0.07 
5.39±0.11 
5.3U0.12 
5.16±0.12 
1.03±0.02 
1.04±0.03 
1.03±0.04 
1.02±0.04 
2.75±0.10 
2.93±0.14 
2.85±0.12 
2.64±0.12 
34.40±0.44 
33.79±0.88 
34.70±0.84 
29.51±0.81 
30.36±0.40 
32.13±0.81 
31.42±0.75 
27.79±0.71 
6.16 
9.31 
10.39 
10.56 
10.01 
14.03 
17.36 
17.98 
16.15 
21.06 
19.38 
20.19 
4.92 
10.05 
9.31 
10.82 
5.11 
9.85 
9.19 
10.40 
EXPLANATION OF FIGURES 
Figs. 1-48 (all x 1000) : Different types of meiotic aberrations induced by MMS, 
g-rays and their combination treatments in broad bean {Viciafaba L.) var. PRT-7 
andvar. PRT-12 
PLATE- I 
Fig. 1 PMC showing 6 perfect bivalents at diakinesis (Control, var. PRT-7). 
Fig. 2 PMC showing 6 perfect bivalents at metaphase I (Control, var. PRT-7). 
Fig. 3 PMC showing 6 perfect bivalents at metaphase I (Control, var. PRT-12). 
Fig. 4 PMC showing 6 perfect bivalents at metaphase I (Control, var. PRT-12). 
Fig. 5 PMC showing 4 stay bivalents at metaphase I (var. PRT-7,0.03% MMS) 
Fig. 6 PMC showing S" and 2' at metaphase I (var. PRT-7, 10 kR + 0.01% 
MMS). 
Fig. 7 PMC showing 4" and 1 '^ at metaphase I (var. PRT-12, 15 kR, y-rays). 
Fig. 8 PMC showing stickiness and one stay bivalent at metaphase I (var. PRT-7, 
5 kR, y-rays). 
^ig. 9 PMC showing 2" and 2'^ at metaphase I (var. PRT-12, 0.02% MMS). 
^ig. 10 PMC showing stickiness at metaphase I (var. PRT-12, 10 kR + 0.03% 
MMS). 
i^g. 11 PMC showing one stray bivalent at metaphase I (var. PRT-7, 10 kR y-
rays). 
-"ig. 12 PMC showing chromosome clumping at metaphase I (var. PRT-12, 10 kR 
+ 0.02% MMS). 
PLATE - I 
^ 
11 (2 
6 
9 
;io; (11) 12) 
PLATE- II 
Fig. 13 PMC showing stickiness and two stray bivalents at metaphase I ( var. 
PRT-12, 0.04%MMS). 
Fig. 14 PMC showing normal metaphase II (Control, var. PRT-12). 
Fig. 15 PMC showing one stray univalent at metaphase II (var. PRT-7, 0.01% 
MMS). 
Fig. 16 PMC showing fragmentation at metaphase II (var. PRT-7, 10 kR + 0.04% 
MMS). 
Fig. 17 PMC showing segregation of 6:6 chromosomes at early anaphase I 
(Control, var. PRT-7). 
Fig. 18 PMC showing normal distribution of chromosomes in four groups at early 
anaphase II (Control, var. PRT-12). 
Fig. 19 PMC showing four groups of chromosomes at late anaphase II (Control, 
var. PRT-12). 
Fig. 20 PMC showing laggard at late anaphase I (var. PRT-7,20 kR, y-rays). 
Fig. 21 PMC showing non-disjunction of a bivalent at early anaphase I (var. PRT-
12,10 kR + 0.01% MMS). 
Fig. 22 PMC showing chromatin bridge at late anaphase I (PRT-12, 0.03% 
MMS). 
Fig. 23 PMC showing chromosome clumping at late anaphase I (var. PRT-7, 10 
kR + 0.03% MMS). 
Fig. 24 PMC showing non-disjunction of a bivalent at early anaphase I (var. PRT-
7, 0.04% MMS). 
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PLATE- III 
Fig. 25 PMC showing fragments at late anaphase I (var. PRT-12, 0.02% MMS). 
Fig. 26 PMC showing fragments at early anaphase I (PRT-7, 20 kR y-rays). 
Fig. 27 PMC showing laggard at late anaphase I (var. PRT-12, 0.03% MMS). 
Fig. 28 PMC showing fragments at early anaphase I (var. PRT-12, 10 kR + 0.03% 
MMS). 
Fig. 29 PMC showing single chromatin bridge at anaphase II (var. PRT-7, 15 kR 
y-rays). 
PMC showing disturbed anaphase II (var. PRT-12, 0.02% MMS). 
PMC showing unequal separation of chromosomes (5:7 and 5:7) at 
anaphase II (var. PRT-12, 10 kR + 0.04% MMS). 
PMC showing disturbed anaphase II (var. PRT-7, 20 kR y-rays). 
PMC showing chromosomes in three groups at anaphase II due disturbed 
polarity (var. PRT-7, 0.02% MMS). 
PMC showing multiple bridges at anaphase II (var. PRT-12, 5 kR y-rays). 
PMC showing non-synchronisation at anaphase II (var. PRT-7, 10 kR + 
0.03% MMS). 
Fig. 36 PMC showing non-synchronisation and bridge at anaphase II (var. PRT-
12, 20 kR y-rays). 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
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PLATE- IV 
Fig. 37 PMC showing bridges at anaphase II (var. PRT-I2, 0.02% MMS). 
Fig. 38 PMC showing three groups of chromosomes and a chromatin bridge at 
anaphase II (var. PRT-7, 10 kR + 0.04% MMS). 
Fig. 39 PMC showing bridges and fragment at anaphase II (var. PRT-7, 10 kR + 
0.04% MMS). 
Fig. 40 PMC showing disturbed anaphase II with fragments (var. PRT-12, 10 kR 
y-rays). 
Fig. 41 PMC showing normal telophase I (Control, var. PRT-12). 
Fig. 42 PMC showing early telophase II (Control, var. PRT-7). 
Fig. 43 PMC showing micronuclei at telophase I (var. PRT-7, 15 kR y-rays) 
Fig. 44 PMC showing disturbed polarity at telophase II (var. PRT-7, 0.01% 
MMS). 
Fig. 45 PMC showing multinucleate condition at telophase II (var. PRT-12, 10 kR 
+ 0.03% MMS). 
Fig. 46 PMC showing tri-nucleate condition at telophase II (var. PRT-12, 0.04% 
MMS). 
Fig. 47 PMC showing micro-nucleus at early telophase II (var. PRT-12, 10 kR + 
0.01% MMS). 
Fig. 48 Two PMCs at metaphase I showing cytomixis and migration of one 
bivalent from one cell to other through cytoplasmic tube (var. PRT-7, 20 
kR y-rays). 
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Figs. 49-87: Different types of morphological variations induced by MMS, y-rays 
and their combination treatments in broad bean {Viciafaba L.) var. PRT-7 and var. 
PRT-12 
PLATE-V 
Figs. 49 and 50 Experimental plots at Faculty of Agricultural Sciences, A.M.U., 
Aligarh. 
PLATE - V 
^•.U 
- * " _ 
PLATE-VI 
Fig. 51 Chlorophyll variant of albina type isolated at 10 kR y-rays treatment 
(var. PRT-7). 
Fig. 52 Chlorophyll variant of chlorina type isolated at 0.04% MMS 
treatment (var. PRT-12). 
Fig. 53 Chlorophyll variant of xantha type isolated at 15 kR y-rays treatment 
(var. PRT-12). 
Fig. 54 Chlorophyll variant of xantha type isolated at 10 kR + 0.01% MMS 
treatment (var. PRT-7). 
PLATE - VI 
1 
< 
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PLATE-VII 
Fig. 55 Viciafaba L. var. PRT-7 (control plant). 
Fig. 56 Tall variant isolated at 0.03% MMS treatment (var. PRT-7). 
Fig. 57 Dwarf variant with single branch isolated at 10 kR + 0.03% MMS 
treatment (var. PRT-7). 
Fig. 58 Tall bushy variant isolated at 20 kR y-rays treatment (var. PRT-7). 
PLATE - VII 
PLATE-VIII 
Fig. 59 Viciafaba L. var. PRT-12 ( Control plant). 
Fig. 60 Tall variant isolated at 0.01 % MMS treatment (var. PRT-12). 
Fig. 61 Dwarf variant isolated at 10 kR + 0.04% MMS treatment (var. 
PRT-12). 
Fig. 62 Tall variant with thick branches and more leaves isolated at 5 kR 
y-rays treatment (var. PRT-12). 
PLATE -VIII 
• / - " . ^ - j T . 
PLATE-IX 
Fig.63 and 64 Tall bushy variants with more number of fertile branches and more 
number of pods isolated at 0.02% MMS and 15 kR y-rays 
treatments respectively (var. PRT-7). 
Fig. 65 Tall bushy variant with more number of fertile branches and more 
number of pods isolated at 10 kR y-rays treatment (var. PRT-12). 
Fig. 66 Dwarf bushy variant with bold pods isolated at 0.02% MMS 
treatment (var. PRT-12). 
PLATE - IX 
PLATE-X 
Fig. 67 Var. PRT-7 showing one or two flowers in the axil of leaves 
(Control). 
Fig. 68 Twig of a variant showing four flowers in the axil of leaves isolated at 
5 kR y-rays treatment (var. PRT-7). 
Fig. 69 Var. PRT-I2 showing one and two flowers in the axil of leaves 
(Control). 
Fig. 70 Twig of a variant showing four and five flowers in the axil of leaves 
isolated at 0.03% MMS treatment (var. PRT-12). 
PLATE - X 
PLATE-XI 
Fig. 71 Var. PRT-7 showing two pods in the axil of leaves (Control). 
Fig. 72 Twig of a variant showing four pods in axil of leaves isolated at 5 kR 
y-rays treatment (var. PRT-7). 
Fig. 73 Var. PRT-12 showing two pots in the axil of leaves (Control). 
Fig. 74 Twig of a variant showing three and four pods in the axil of leaves 
isolated at 0.03% MMS treatment (var. PRT-12). 
PLATE - XI 
PLATE-XII 
Fig. 75 (a) Pods of control plant (var. PRT-7). 
(b) Bold pods of a variant isolated at 10 kR y-rays treatment (var. 
PRT-7). 
Fig. 76 (a) Pods of control plant (var, PRT-7). 
(b) Long and thick pods of a variant isolated at 20 kR y-rays 
treatment (var. PRT-7). 
Fig. 77 (a) Pods of control plant (var. PRT-7). 
(b) Long and thick pods of a variant with increased number of seeds 
isolated at 0.01% MMS treatment (var. PRT-7). 
PLATE - XI I 
PLATE-XIII 
Fig. 78 (a) Pods of control plant (var. PRT-12). 
(c) Bold pods of a variant isolated at 0.02% MMS treatment (var. 
PRT-12). 
Fig. 79 (a) Pods of control plant (var. PRT-12). 
(b) Long and thick pods of a variant isolated at 5 kR y-rays 
treatment (var. PRT-12). 
Fig. 80 (a) Pods of a variant control plant (var. PRT-12). 
(b) Long pods with increased number of seed isolated at 15 kR 
y-rays treatment (var. PRT-12). 
PLATE - XIII 
PLATE-XIV 
Fig. 81 (a) Seeds of control plant (var. PRT-7). 
(d) Bold seeds of a variant isolated at 0.01% MMS treatment (var. 
PRT-7). 
Fig. 82 (a) Seeds of control plant (var. PRT-7). 
(b) Seeds of a variant with black-brown markings on seed coat, 
isolated at 0.04% MMS treatment (var. PRT-7). 
PLATE - XIV 
PLATE-XV 
Fig. 83 (a) Seeds of control plant (var. PRT-7). 
(e) Black seeds of a variant isolated at 20 kR y-rays treatment (var. 
PRT-7). 
Fig. 84 (a) Seeds of control plant (var. PRT-7). 
(b) Green-black seeds of a variant isolated at 0.02% MMS 
treatment (var. PRT-7). 
PLATE - XV 
PLATE-XVI 
Fig. 85 (a) Seeds of control plant (var. PRT-12). 
(f) Bold and somewhat flattened seeds of a variant isolated at 
0.02% MMS treatment (var. PRT-12). 
Fig. 86 (a) Seeds of control plant (var. PRT-12). 
(b) Bold, brown and somewhat flattened seeds of a variant isolated 
at 5 kR y-rays (var. PRT-12). 
Fig. 87 (a) Seeds of control plant (var. PRT-12). 
(b) Small brownish seeds of a variant with black markings on seed 
coat isolated at 10 kR + 0.02% MMS treatment (var. PRT-12). 
PLATE - XVI 
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CHAPTER 5 
DISCUSSION 
Since, genetic improvement of crop plants for higher production and better 
quality depends upon the magnitude of genetic variability present in the base 
population, the creation and management of genetic variability becomes central to 
crop breeding. Experimentally induced mutations come handy for making specific 
alterations in the genotypes and for enhancing the genetic variability in polygenic 
traits by inducing micromutations in addition to the visible macromutations and now 
it has been recognized as an important tool and relatively quicker methods for the 
improvement of crops with sufficient scope for selection in pulse crops. Besides, 
induced mutagenesis offers a possibility for the induction of desirable attributes 
perhaps those that either can not be found naturally or have been lost. The induced 
mutagenesis find a prominent place in the augmentation and lecteation of genetk 
variability which was lost by too rigid selection or narrow base of germplasm of crop 
which is utilized in selection programme for obtaining desirable improvement. 
Development of high yielding varieties requires a thorough knowledge of the existing 
genetic variation and also the extent of associations among yield contributing 
characters. 
The enhancement of mutation frequency and the alteration of mutation 
spectrum in a predictable manner remain the all times important aspects of mutation 
research. To ensure a speedy generation of variability for a specific trait to be 
improved, a mutation breeder has to go through all the basic events met in the 
methodology to ensure a reliable information about the mutagenic sensitivity of 
biological material and the extent of effectiveness and efficiency of a mutagen in 
question. Mutagens vary in their mode of action, effectiveness, efficiency and the 
spectrum of mutations induced. Similarly, genotypes show differential sensitivity 
towards mutagens even at varietal level. Thus, to administer successful mutagenesis, 
selection of efficient mutagen and treatment is a pre-requisite as mutagens are the 
potent tool for direct improvement or bringing about certain qualitative and 
quantitative changes in crop plants. The impact of mutagenic treatments is usually 
measured by parameters like seed germination (%), seedling height (cm), plant 
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survival (%), pollen fertility (%), chromosomal aberrations in mitosis and meiosis and 
by determination of quantitative characters. 
The present investigation was planned to estimate the extent of induced 
genetic variability for various quantitative traits i.e., days to flowering, number of 
flowers per plants, plant height (cm), days to maturity, number of fertile branches per 
plant, number of pods per plant, length per pod (cm), width per pod (cm), number of 
seeds per pods, 100-seed weight (g) and total yield per plant (g) in individual and 
combined applications of methyl methane sulphonate (MMS) and gamma rays (y-
rays). The immediate effects of mutagenic treatments were analysed with respect to 
seed germination (%), seedling height (cm), plant survival (%) at maturity, pollen 
fertility and cytological aberrations in the populations emerging from the treated seeds 
along with controls in the two varieties of broad bean viz., var. PRT-7 and var. PRT-
12. The observations made during the course of present investigation have been 
discussed in this chapter. 
5.1 BIOLOGICAL DAMAGE 
In the present investigation seed germination, seedling height, plant survival 
and pollen fertility decreased with the increase in mutagenic treatments. These results 
are in confirmation with Wani et al. (2004) in lentil, Potdukhe and Narkhede (2002) 
in pigeonpea, Banu et al. (2004) in cowpea, and Kumar (2005) in Coriandrum 
sativum. However, the extent of decrease differed both among different mutgens as 
well as between the two varieties. In general, combination treatments of y-rays and 
MMS was found to be more effective than the individual treatments in both the 
varieties. Based on the extent of damage caused, the var. PRT-7 was found to be more 
sensitive than the var. PRT-12. 
The adverse effects of physical and chemical mutagens on various biological 
parameters have been reported by many workers (Khalatkar and Bhatia, 1975; 
Bhamburkar and Bhalla, 1985; Subba Rao, 1988; Mehetre et al, 1990; Ravikesavan 
et al, 1995; Kumar and Mani, 1997; Kumar and Dubey, 1998a, 1998b; Nepolean, 
1999; Bhat et al, 2006). Most of these workers have observed a dose dependent 
reduction in the above mentioned biological parameters. 
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Several workers have attempted to explain the causes responsible for 
inhibition of seed germination. Sharma and Swaminathan (1969) attributed reduction 
in germination to the changes in metabolic condition of the cells. Kleinhofs (1978) in 
barley reported delay in the initiation of metabolism following germination which in 
turn resulted in a uniform delay in mitotic activity, seedling growth and ATP and 
DNA synthesis. Tarar and Dnyansagar (1983) reported in Turnera ulmifolia that 
inhibitory effect of y-rays was due to damage to DNA. Reduction in seed germination 
in mutagenic treatments has been explained due to delay or inhibition in physiological 
and biological processes necessary for seed germination which include enzyme 
activity (Kurbone et al, 1979), hormonal imbalance (Chrispeeds and Vamer, 1976), 
defective enzyme production (Kumar, 2005) and inhibition of mitotic process 
(Ananthaswamy et al, 1971). However, Amer and Hakeen (1964) attributed it to the 
activity of endogenous growth regulators, which inhibit the process. The reduction in 
seed germination, foUov^ng mutagenic treatments may be due to the disturbances in 
the balance between the promoters and inhibitors of seed germination present in seed 
coat (Amen, 1968). According to Brock (1965), reduction in germination percentage 
is due to radiation induced gross chromosomal breakage. The decrease in the seed 
germination percent after mutagenic treatments may be ascribed to the chromosomal 
aberrations, disturbances in DNA and auxin synthesis and to the impaired cell 
metabolism (Kirtane and Dhumal, 2004). 
Different explanations are available to explain the phenomenon of reduced 
seedling growth. Gray and Scholes (1951) and Lee (1955) suggested that it could be 
due to meristematic cells as a consequence of genetic injury. The badly damaged cells 
would produce only a few cell progeny and growth will recur from those cells which 
are least damaged genetically. Thoday (1951) and Evans and Sparrow (1961) opined 
that the chromosomal damage and/or inhibition of cell division were the chief causes 
of reduced growth, whereas, Goud and Nayar (1968) and Tarar and Dynansagar 
(1980) demonstrated that seedling growth depression may be due to inhibition of 
auxin synthesis. Another group of workers believed that inhibition of seedling growth 
may be due to slow rate of cell division, hampered respiratory enzyme synthesis, 
decreased amylase activity and increased peroxidase activities (Rao, 1980; Rao and 
Rao, 1982; Reddy and Vidyavati, 1985 and Subba Rao, 1988). Decrease in the 
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amylase activity may affect hydrolysis of starch into sugars needed for proper growth 
of the seedlings (Rao and Rao, 1982). Inhibition of seedling growth due to increased 
peroxidase activity (Rao and Rao, 1982) and destruction or damage to apical 
meristem (Patel and Shah, 1974) might be responsible for inhibition in seedling 
growth. Whatever may be the cause of reduced seedling growth, the fact remains that 
chromosomes, which carry various genes responsible for life processes and 
expression, are one of the most sensitive organs in the cell, and damage to any part of 
these vital and tiny organs is bound to go a long way to bring about various 
physiological and metabolic disorders which in turn v^ U bring about several 
morphological and growth abnormalities in the plant or plant organs. 
Progressive decrease in the rate of survival of plants with an increase in the 
doses of physical and chemical mutagens has been reported by Jayabalan and Rao 
(1987a) in Lycopersicon esculentum, and Kumar and Dubey (1998a,b) in Lathyrus 
sativus. Decrease in seedling survival may be attributed to the series of events 
occurring at the cellular level which affect the vital macromolecules and bring about a 
physiological imbalance in the cells as a consequence of exposure to ionizing 
radiations and chemical mutagens. Physiological imbalance or different types of 
chromosomal aberrations or both may be the main cause as proposed by Rao (1983) 
for drastic decrease in survival. 
Varying degree of pollen sterility was induced in all mutagenic treatments in 
the present investigation. Although nearly 4-6% sterility was observed in the controls, 
the magnitude of sterility increased with an increase in dose/concentration of 
mutagens. Very high pollen sterility was recorded in some plants at the higher doses 
of treatments. These results are in agreement with many workers who have also 
reported a dose dependent increase in sterility following mutagenic treatments 
(Nerker, 1970; Bhamburkar and Bhalla, 1985; Kumar and Dubey, 1994, 1996, 1998a, 
1998b; Chary and Bhalla, 1988; Reddy and Annadurai, 1992; Dhamyanthi and Reddy, 
2000; Bhat et al., 2005a,b). Mutagen induced pollen sterility was found to be 
chromosomal, genie or physiological in nature (Ramesh and Reddi, 2002). The high 
sterility observed in the treated populations may be attributed to the vast array of 
meiotic aberrations that were induced by physical and chemical mutagens leading to 
aberrant poIJen mother ceJJs and uJtimateJy resuJting in the inaiCtmtion of pollen 
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grains (Rana and Swaminathan, 1964; Sinha and Godward, 1972a; Ramanna, 1974; 
Sharma et al., 2004 and Bhat et al, 2005a,b). Contrary to this, Gaul et al. (1966) in 
peas and barley reported that sterility was largely due to the genetical changes. Kumar 
and Mani (1997) reported that the failure of homologous pairing during meiosis, 
could be the main cause of high pollen sterility. 
In the present investigation, the var. PRT-7 which showed more biological 
damage as compared to var. PRT-12, showing its greater sensitivity to mutagens. 
Differential varietal responses to different mutagens as observed in the present 
investigation has been reported earlier by many workers (Nerker, 1970 in Lathyrus 
sativus; Sinha and Godward, 1972 in Macrosperma and Microsperma lentils, and Al-
Rubeai and Godward, 1981 in Phaseolus vulgaris. Kundi et al. (1997) reported 
differential sensitivity within crop and even within genotypes. The sensitivity of a 
variety depends upon its genetic architecture and the mutagens employed. In general, 
varieties with a large assortment of recessive characters show greater sensitivity than 
the varieties with dominant characters (Blixt, 1970). The differential sensitivity of 
genotypes may be attributed to their metabolic process affected in differential manner 
(John, 1997) or due to seed metabolism and onset of DNA synthesis (Shah et al, 
2008). The mechanism controlling sensitivity to chemical mutagens and X-rays has 
been reported to be different from those determining sensitivity to y-rays (Sokolov 
and Balchunene, 1977). Radio-sensitivity differs in different plants and basically the 
absorption of radiation energy possibly depends on the size of the target i.e., greater 
the size, greater the absorption of radiation energy and higher the radio sensitivity of 
the biological material (Saric et al., 1961). It appears that even a single gene 
difference may induce significant changes in radiosensitivity. Akbar et al. (1965) 
concluded that differences in radiosensitivity may be due to differences in their 
recovery process involving enzyme activity. 
A common observation on the biological parameters revealed the greater 
superiority of combination treatments of y-rays and MMS over their individual 
treatments. Greater effectiveness of combination treatments was also reported in 
blackgram (Bhamburkar and Bhalla, 1985), in munbegan (Khalatkar and Bhatia, 
1975), in Lathyrus sativus (Kumar and Dubey, 1998b), in chickpea (Bhatnagar, 1984), 
in Cajams cajan (Chary and Bhalla, 1988), in Cicer arietinum (Sharma et al, 2004), 
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and in Viciafaba L. (Bhat et al, 2006c). The less toxic effects of y-rays as compared 
to MMS is probably due to the fact that legumes require very high dose of radiation to 
produce more drastic effects (Blixt, 1972a; Bhamburkar and Bhalla, 1985). Besides, 
the increase in sensitivity is dependent on metabolic process. The presoaking of seeds, 
therefore, leads to enhancement in sensitivity to chemical mutagens. 
5.2 CYTOLOGICAL ANALYSIS 
Genetic hazards of physical and chemical mutagens are now well known and 
the methods to detect their mutagenic effects have been devised. In this context 
cytological investigations appear rewarding as they deal with the primary genetic 
material, the chromosome, and more appropriately the DNA which controls the 
phenotypes. Cytological analysis with respect to either mitotic or meiotic behaviour is 
considered to be one of the dependable indices to estimate the potency of mutagen. 
Therefore, investigations or disturbances in meiotic beahviour indicating mutational 
genetic load form an integral part of most of the mutation studies. It also provides a 
considerable clue to assess sensitivity of plants for different mutagens, and to 
ascertain the most effective mutagen for a given crop to realize maximum results. 
Physical and chemical mutagens are known to produce chromosomal 
aberrations leading to abnormal chromosome behaviour during meiosis and 
consequently giving rise varying degree of sterility. In the present investigation a vast 
array of meiotic aberrations were recorded in the plants raised from the seeds treated 
with different doses/concentrations of MMS, y-rays and their combination treatments 
in broad bean. Meiotic aberrations increased with an increase in dose/concentration of 
the mutagens in both the varieties. Although, the types of chromosomal aberrations 
were more or less common in both the varieties, the frequency of chromosomal 
aberrations were comparatively more in var. PRT-7 indicating its more sensitivity to 
the mutagens. Combination treatments were most effective followed by MMS and y-
rays in inducing chromosomal aberrations. Different types of chromosomal 
aberrations viz., univalents, multivalents, stickiness, precocious separation, non 
orientation of bivalents, fragments and cytomixis (at metaphase I/II), bridges, 
laggards and unequal separation (at Anaphase I/II) and bridges, disturbed polarity, 
micronuclei, and multinucleate condition, (at Telophase I/II) as observed in the 
present investigation, have also been reported by many workers in different plants 
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after treatments with physical and chemical mutagens, viz. Anis and Wani (1997) in 
Trigonella foenum-graecum; Dhamyanthi and Reddy (2000) in Capsicum annuum; 
Singh (2003) in Vigna radiata; Ahmad and Godward (1981) and Ahmad (1993) in 
chickpea; Rao and Laxmi (1980) and Katiyar (1978) in Capsicum annuum L.; Mitra 
and Bhowmik (1996) in Nigella sativa; Reddy et al. (1992) and Verma et ah (1999) in 
Lens culinaris; Kumar and Dubey (1998c) in Lathyrus sativus; Reddy and Annadurai 
(1992) in lentil; Bhat et al (2005a,b) in Viciafaba L. and Kumar and Singh (2003) in 
Hordeum vulgare. Most of these workers have obtained a dose dependent increase in 
the meiotic aberrations and the varietal sensitivity to mutagenic treatments was also 
reported by some workers. Dose dependent increase in the meiotic aberrations was 
also reported by Singh and Gupta (2003) in Clitoria ternatea; Singh and Chaudhary 
(2005) in chilli; Sharma and Kumar (2004) and Gania et al (2005) in chickpea; 
Abbasi and Anis (2002) in Trigonella foenum-graecum. These abnormalities were 
also in agreement with those of Rao and Rao (1983), Anis and Sharma (1997), Anis et 
al (2000), and Kumar and Srivastava (2001a). 
The frequency of univalents at metaphase I ranged from 1-5 per PMC and 
these were later found as laggards at anaphase and telophase stages. The univalents 
were also reported by Saha and Datta (2002) in Negella sativa; Kumar et al (2003) in 
Lens culinaris; Sengupta and Datta (2003) in Sesamum indicum L.; Bhat et al 
(2006a,b) in Viciafaba; Gania et al (2005) in chickpea; and Kumar and Rai (2006) in 
Glycine max. According to Kumar and Rai (2007) univalents may originate from an 
absence of crossing over at pachytene or from desynaptic mutants. Chiasmata are 
responsible for the maintenance of bivalents, which permit normal chromosome 
segregation. It seems more likely that mutagenic treatments induced univalent 
formation through cryptic structural changes in some of the chromosomes which 
restricted pairing and in this way reduce chiasma frequency (Kalloo, 1972; Datta and 
Biswas, 1986). Rao and Laxmi (1980) attributed univalent formation to the partial and 
complete lack of homologous chromosomes pairing. Further, the disturbances in the 
pairing mechanism was ascribed to the presence of chromosome breakage in the 
PMCs of plants raised from treated seeds. Some of the univalents disjuncted early and 
presumably this happened due to genie differences. Such chromosomal divergences in 
the form of precocious movement is pointed towards structural differentiation of 
homologous pair (Anis and Wani, 1997). Mitra and Bhowmik (1996) reported that 
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non-pairing and early separation of chromosomes at meiosis and gene mutation may 
result in the formation of univalents. The chromosomes may fail to pair because of the 
alternation of linearity of genes in them due to translocation and inversion induced by 
mutagenic treatments so that at early prophase homologous chromosomes do not lie 
side by side. 
Different types of multivalent associations (tri, tetra, penta, hexa, hepta, octa 
and chain of bivalents) rather more frequent at higher treatments of all the mutagens 
as observed in the present investigation have also been reported in various plants like 
Trigonella foenum-graecum (Abbasi and Anis, 2002), Vicia faba L. Bhat et al., 
2006a,b), and in chickpea (Gania et al, 2005; Sharma and Kumar, 2004). Alterations 
in the chromosome associations which composed of uni, tetra and multivalents were 
possibly the outcome of non or irregular pairing of chromosomes due to translocations 
(Katiyar, 1978). According to Prasad (1965) and Sinha (1967) the formation of 
multivalents was the possible outcome of exchange between non-homologous 
chromosomes due to translocations. Multivalents might have occurred due to 
chromosomal increases as an outcome of deletion resulting from fragmentation of 
chromosomes (Singh and Gupta, 2004). Deletion or duplication of genes causing 
multivalent formation has also been reported by Grover and Virk (1986). The 
occurrence of multivalents demonstrates that mutagenesis resulted in structural 
alternations leading to the rearrangement of chromosome. Multivalent formation can 
be attributed to irregular pairing and breakage followed by translocations and 
inversions (Zeerak, 1991). 
Stickiness of chromosomes was one of the most common abnormalities 
observed in the present investigation. Chromosomes were found clumped into one, 
two or many groups due to stickiness at metaphase causing difficulty in normal 
disjunction of chromosomes. These results are in agreement with those of Katiyar 
(1978a); Mitra and Bhowmik (1996) in Negella sativa; Sinha and Godward (1972b); 
Tarar and Dnyansagar (1980); Kumar et al. (2003); Kumar and Singh (2003a) in 
barley; Bhat et al. (2006) in Vicia faba; Gania et al. (2005) and Sharma et al. (2004) 
in chickpea and Singh and Chaudhary (2005) in chilli who also reported stickiness as 
the most common abnormality and the grouping of different bivalents due to 
stickiness. Stickiness could be due to depolymerisation of nucleic acid caused by 
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mutagenic treatments (Tarar and Dnyansagar, 1980) or due to partial dissociation of 
the nucleoproteins and alteration in their pattern of organization (Sharma and 
Mukherjee, 1955; Kumar and Rai, 2007; Evans, 1962). Jayabalan and Rao (1987) 
suggested that stickiness might be due to disturbances in the cytochemically balanced 
ractions. Gaulden (1987) attributed chemically induced stickiness to direct action of 
mutagen on the histone proteins leading to improper folding of DNA. In the present 
case, MMS, y-rays and their combination treatments seems to be responsible for 
stickiness, perhaps the target proteins in this case are those responsible for 
chromosome condensation during active divisional stages. Their defective 
functioning, which may be due to gene mutation or direct action of the mutagen on 
the protein, caused a disturbance in the chromosomes during the course of their 
condensation from prophase I to metaphase I, probably this was the main reason that 
the stickiness was pre-dominant from metaphase I onwards. However, it seems most 
probable that some kind of gene mutation leads to incorrect coding of some non-
histone proteins involved in chromosome organization, when affected these proteins 
lead to chromosome clumping. Stickiness in the chromosomes interferes in normal 
arrangement at metaphase stage and further leads to their inability in separation and 
origin of thick sticky bridges. When the spindle fibres pulled the chromosomes 
towards the poles, these bridges broke into fragments, which either moved towards 
one pole or formed micronuclei. In either case, the daughter cells had an unequal 
distribution of chromatin material. Similar divisions at the second phases of division 
lead to abnormal microspore tetrads and thus to abnormal pollen grains. Such pollen 
grains were usually non-viable and unable to fertilize the egg, leading to lower seed 
set. 
Precocious movement of chromosomes at metaphase I was also a dominant 
abnormality in all the treatments. Roy et al. (1971) in Cucumis sativus, Kumar and 
Rai (2007) in maize, Pagliarini (1990) in Aptenia cordifolia, Pagliarini (1992) in 
Pilocarpus pennatifolius, Defani-Scoarize et al. (1995a, 1995b) in maize, Consolaro 
et al. (1996) in Centella asiatica L. also observed precocious separation of 
chromosomes (one or more univalent or bivalents) at metaphase I. It is probably 
caused by spindle disfunction. According to Kumar and Rai (2007) precocious 
chromosome migration to the poles may have resulted from univalent chromosomes 
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at the end of propahse I or precocious chiasma terminalization at diakinesis or 
metaphase I. 
Unorientation and scattering of chromosomes at metaphase as observed in the 
present study may be due to either the inhibition of spindle formation or the 
destruction of spindle fibres formed (Kumar and Rai, 2007). The behaviour of these 
and of the laggards generally lead to the formation of micronucleus (Koduru and Rao, 
1981; Kumar and Rai, 2006). These have also been reported by Gania et al. (2005) in 
chickpea, Kumar and Rai (2007) in maize, Singh and Choudhary (2005) in chilli and 
Abbasi and Anis (2002) in fenugreek. 
Fragments of chromosomes were also found in the present investigation. 
Cremer et al. (1981) suggested that the fragmentation might be due to the damaged 
mechanism of DNA repair caused by mutagen. However, Gaulden (1987) attributed it 
to erroneous replication of genetic material. Chemically induced fragmentation and 
breaks are attributed to coiling errors or duplication difficulties leading to 
chromosome breakage (Natrajan and Upadhyay, 1964). Occurrence of chromosome 
breaks due to ionization within the chromosomal threads leads to the formation of 
different types of interchanges and reunions (Lee, 1955). The broken chromosome 
fragments may be incorporated in a daughter nucleus through reunion or constitute 
micronuclei at telophase II or may be eliminated in seedling stage. Fragments of 
chromosomes as observed in the present study have also been observed by Singh and 
Chaudhary (2005) in chilli and Kumar and Rai (2007) in maize. 
Separation of homologous chromosomes at anaphase I and telophase I 
revealed high incidence of abnormalities in the form of chromatin bridge (with or 
without fragments), laggards and unequal separation of chromosomes, micronuclei 
and multinucleate conditions. 
Laggards may be explained on the basis of abnormal spindle formation and 
chromosomal breakage. The laggards observed during the present study might be due 
to delayed terminalization, stickiness of chromosome ends or because of failure of 
chromosomal movement (Jayabalan and Rao, 1987b; Soheir et al. 1989; Permjit and 
Grover, 1985). Schulz-Shaeffer (1980) concluded that lagging chromosomes and their 
presence as univalents may result in aneuploidy. According to Bhattacharjee (1953) 
acentric fragments on laggards may result in the formation of micronuclei at telophase 
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11 and ultimately variation in number and size of pollen grains resulting from a mother 
cell. Laggards at anaphase have also been observed by Gania et al. (2005) in 
chickpea, Kumar and Rai (2007) in maize, Singh and Chaudhary (2005) in chilli, and 
Abbasi and Anis (2002) in fenugreek. Laggards may arise by breakage or faulty 
spindle resulting into imbalanced daughter nuclei and micronuclei (Singh and 
Chaudhary, 2005). Presence of laggards may be attributed to the inability of 
multivalents to separate properly (Gania et al., 2005). 
Bridges with or without fragments at anaphase stages were frequently 
observed in the present investigation. The bridges with or without fragment were also 
observed in many other plants like cotton (Sheidai and Koobaz, 2003), chickpea 
(Gania et al., 2005), fenugreek (Abbasi and Anis, 2002), maize (Kumar and Rai, 
2007), chilli (Singh and Chaudhary, 2005) and soybean (Kumar and Rai, 2005). 
Similar bridges are reported by many workers after irradiation or chemical treatments 
(Ahmad, 1993). Sax (I960) and Saylar and Smith (1966) suggested that the formation 
of chromatin bridges might be due to the failure of chiasmata in a bivalent to 
terminalise and the chromosomes get stretched between the poles. Bhatterjee (1953) 
attributed bridge formation to interlocking of bivalent chromosomes. The occurrence 
of breaks at the same locus and their lateral fusion leads to the formation of dicentric 
chromosome which is pulled equally to both the poles forming a bridge (Anis et al, 
1998; Abbasi and Anis, 2002). Bridges often break as the dyads move fiirther apart in 
the late anaphase, sometimes leaving an acentric fragment in the cytoplasm. The 
fragments are seen during meiosis II as micronuclei which do not condense alongwith 
remaining chromosomes. The presence of chromosome bridges without fragments 
may be due to restitution or the fragments getting entangled or attached with normal 
chromatids of chromosomes (Tarar and Dnyansagar, 1980). Moreover, PMCs with a 
single bridge without acentric fragment at anaphase I was formed by two sister 
chromatids of a broken chromosome which has undergone ftision during interphase at 
the time of duplication (McClintock, 1938). In the present study, bridge formation 
may be attributed to the general stickiness of chromosomes at metaphase stage or 
breakage and reunion of chromosomes. The present findings are in agreement with 
the earlier results of Jayabalan and Rao (1987) in tomato, Kumar and Rai (2007) in 
maize and Mitra and Bhowmik (1998) in Nigella sativa, Gaul (1964) attributed 
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anaphasic bridge in barley to the fusion between two centromere bearing chromosome 
fragments. 
Unequal separation of chromosomes as observed in the present investigation, 
may be due to failure of chromosomes to reach their poles. Sinha and Godward 
(1972a) attributed the unequal distribution to the occurrence of multivalents and 
failure of chromosomes to segregate equally. This may be due to spindle disfunction 
caused by mutagens (Nerkar, 1977; Singh et ah, 1989 and Grover and Virk, 1986; 
Mitra and Bhowmik, 1996). According to Kumar and Singh (2003), random 
movement of univalents to any one of the poles leads to the unequal separation of 
chromosomes. Stickiness of the chromosomes may also result in the unequal 
distribution of chromosomes in the daughter nuclei (Anis and Wani, 1997). It was 
also reported by Sharma and Kumar (2004) and Gania et al. (2005) in chickpea, 
Abbasi and Anis (2002) in fenugreek, Singh and Gupta (2004) in Clitoria ternatea 
and Kumar and Rai (2007) in maize. It may be noticed that in case of unequal 
separation at Anaphase I, the most frequent separation is 5:7 chromosomes. A 
functioning gamete with 7 chromosomes will produce a trisomic upon union with a 
normal gamete. 
Abnormalities such as lagging chromosomes and unequal separation of 
chromosomes especially the last one would lead to the production of aneuploid 
gametes. Such plants (aneuploids) are of immense importance in fundamental as well 
as applied research in crop improvement. 
Micronuclei as observed in the present study at telophase II generally arose 
from fragments and lagging chromosomes which failed to reach the poles and get 
included in the daughter nuclei (Kumar and Dubey, 1998b). Laxmi et al. (1975) and 
Bhatterjee (1953) suggested that irregular distribution of acentric fragments or 
laggards results in the formation of micronuclei at telophase resulting in variation in 
number and size of pollen grains obtained from the pollen mother cell. Micronuclei at 
dyad or tetrad stage of PMCs in mutagen treated population might have resulted due 
to non-orientation of chromosomes and laggards since they were of frequent 
occurrence. Micronuclei lead to the loss of genetic material. Their presence, therefore, 
suggested that the resultant product of meiotic division is deficient in one or the other 
chromosome. This usually leads to the formation of sterile pollen grains. The presence 
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of micronuclei at telophase II is also reported by Singh and Gupta (2004) in Clitoria 
ternatea Kumar and Rai (2007) in maize, Gania et al. (2005) in chickpea and Abbasi 
and Anis (2002) in fenugreek. 
Multinucleate condition as noticed in the present investigation can be 
explained to a particular genotypic change suppressing the organizing capacity of 
nucleolar chromosome and inducing the formation of adventitious nuclei. 
Disturbed polarity at anaphase and telphase stages could be due to spindle 
disturbance. Disturbed polarity was also reported by Bhat et al. (2006a,b) in Vicia 
faba L., Kumar and Rai (2007) in maize, Gania et al. (2005) in chickpea and Abbasi 
and Anis (2002) in fenugreek. 
In the present investigation, very low frequency of cytomixis at various stages 
of meiosis was also noticed at the higher treatments. It has also been reported more 
commonly during microsporogenesis by several workers (Sudan and Wafai, 1987 
Bahal and Tyagi, 1988; Kaul, 1990, Yen et al., 1993; Kumar and Sharma, 2002 
Haroun et al., 2004; Bhat et al., 2006a,h; Sen and Bhattacharya, 1988; Seijo, 1996, 
Nirmala and Kaul, 1994 and Kumar and Rai, 2007). Cytomixis refers to the migration 
of chromatin/chromosomes from one cell (donar cell) into the cytoplasm of another 
cell (recipient cell) either through cytoplasmic channels or through direct fusion at 
different stages of meiosis, the second types was more frequent than the first one. 
Cytomixis through both the methods was found in the present investigation. Similar 
observations have also been reported by Bahl and Tyagi, 1988; Seijo, 1996 and 
Haroun et al., 2004. The migration of chromatin materials from one PMC to other 
was unidirectional i.e., from donor to a recipient cell. It was also reported by 
Gattschalk (1970). The probable causes of cytomixis are fixation effects (Haroun, 
1995, Heslop-Herrison, 1996), physiological control (Bell, 1964; Bahl and Tyagi, 
1988), changes in gene control (Omara, 1976), abnormal genetic behaviour due to the 
action of chemical agents (Sinha, 1988), effect of gamma radiation resulting in an 
imbalanced and sterile genetic system (Amma et al., 1990), temperature (Narain, 
1979) and environment stress and pollution (Haroun et al., 2004). Cytomixis between 
and among different stages of meiosis have also been reported by Maria de Souza and 
Pagliarini (1997) in Centella asiatica. Trans-migration of chromatin material might 
result in alteration in number of chromosomes in the cells. It is considered to be a 
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source of production of aneuploids and polyploid gametes (Omara, 1976; Sheidai, 
1997; Sheidai et al, 1993,1999; Kaul, 1990 and Yen et al., 1993). 
In the phenomenon of cytomixis two or more pollen mother cells at the same 
phase of division are usually involved. Zheng et al. (1987) correlated cytomixis with 
different genotypic modifications. Soodan and Wafai (1987) presumed the 
involvement of specific genes for cytomixis which express only under particular 
environmental conditions. Cytomixis have also been reported in chickpea (Gania et 
al, 2005), fenugreek (Abbasi and Anis, 2002), rapeseed (Sheidai et al, 2005), 
spearmint (Tyagi, 2003) and in Ocimum hasilicum L. and Withania somnifera L. 
(Dattae?fl/.,2005). 
The uhimate resuh of these aberrations after normal or abnormal cytokinesis is 
the formation of abnormal microspores leading to pollen sterility (Ramanna, 1974) 
which was directly correlated to doses administered and the magnitude of clastogenic 
changes induced by mutgens in both the varieties. 
Comparative mutagenecity of MMS, y-rays and their combination ti-eatments 
in two varieties viz. PRT-7 and PRT-12 of broad bean reflects the differences in their 
genome architecture, former rehibited much induced biological damage than the 
latter. Thus, it can be inferred that mutagenecity is ultimately determined by genome 
itself Khamankar (1984) working with Lycopersicon esculentum reported that the 
rate of mutagenecity was different with different mutagens at certain loci. Some of the 
gene loci affected by one mutagen were not necessarily affected by the other. 
However, the resuh of present study differs from the results of some earlier workers 
who have found that bold seeded type are more sensitive to mutagens than the small 
seeded types (Sinha and Godward, 1972; Reddy et al, 1992). 
Intervarietal differences in the radiosensitivity have also been reported by 
many workers (Evans and Sparrow, 1961; Sparrow and Evans, 1961; Ahmad and 
Godward, 1981; Bhat et al, 2005a). These differences were attiibuted by the 
differences in cell volume, nuclear volume, chromosome volume and DNA amount 
and presence of protective or sensitizing substances. 
Most of the workers have in general concluded that y-rays were more effective 
than the chemical mutagens in causing chromosomal abnormalities. However, in the 
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present study the frequency of aberrations was greater in combination treatments than 
the individual ones, it is therefore, concluded that MMS too is able to induce a 
sufficient amount of meiotic aberrations. Among different stages of meiosis, the 
frequency of meiotic aberrations was maximum at metaphase stage as compared to 
anaphase and telophase stages in the present study. Similar observations were 
reported by Mitra and Bhovraiik (1996) in Nigella sativa, Kumar and Dubey (1998c) 
in Lathyrus sativus L. and Bhat et al. (2006a,b) in Viciafaba L. 
5.3 MORPHOLOGICAL VARIATIONS 
The present investigation proved fruitful in inducing a range of morphological 
variations by mutagenesis. Although most of them proved uneconomical, nevertheless 
some variations possess desirable plant architecture recorded in the present study can 
be used as a source of many beneficial genes in cross breeding programmes or for the 
improvement of many components of yield. In the present investigation the 
morphological variations affecting different parts of the plant, were isolated by carefiil 
screening of Mi population. These variants included changes in plant height (tall, 
dwarf), growth habit (bushy), leaf size (broad leaf), leaf colour (chlorophyll variants), 
pod size (bold and long pods), seed coat colour and pattern (brown, black, green black 
seeds and seeds having peculiar markings on seed coat) and yield parameters 
(increased number of fertile branches and pods per plant). 
The frequency of these morphological variations differed among different 
mutagens and also between the two varieties thereby suggesting that the varieties 
responded differently to the doses and the type of mutagens employed. Individual 
mutagenic treatments induced more frequency of morphological variations than the 
combination treatments in both the varieties. Among the individual mutagens y-rays 
were more effective than the MMS in producing viable morphological variations in 
both the varieties. These results are contradictory with the earlier reports of 
Kharakwal (1998a) in chickpea, Thakur and Sethi (1995) in barley, Geeta and 
Vaidyanathan (1997) in soybean and Khan (1999) in blackgram, who concluded that 
alkylating agents were more effective in inducing mutations. 
Some induced variants in the present study show desirable economic 
characters from a breeder point of view and hold promise for isolation of improved 
types from their progenies in the later generations. Among the induced morphological 
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variants, bushy, seed coat colour and pattern and high yielding variants appeared more 
frequently than the other. The more frequent induction of certain variation types by a 
particular mutagen may be attributed to the fact that the genes controlling these 
characters might be more responsive to either alkaylating agents or ionizing 
radiations. This could be due to differential mode of action of mutagens on different 
base sequences in various genes (Solanki and Sharma, 1999). Such types of 
morphological variations have also been reported earlier in chickpea (Kharkwal, 
1981a; Kalia et al., 1981; Haq et al., 1989; Kulthe and Kothekar (2006) following 
treatments with physical and chemical mutagens. Kharkwal (2000) in chickpea have 
extensively reported a number of morphological mutations affecting almost all parts 
of the plant. A wide range of morphological mutations have been reported in different 
crop plants such as sesame (Mary and Jayabalan, 1995), Vigna mungo (Raisinghani 
and Mehna, 1994; Singh, 1996), Lathyrus sativus (Nerker, 1970), mungbean (Singh 
and Yadav, 1991; Singh et al., 1999;), pigeonpea (Rao and Reddy, 1984) and Vicia 
faha L. (Bhat et al, 2006c). 
Various investigations suggest that the possible cause of these macro 
mutations may be chromosomal aberrations, chromosomal re-arrangements of some 
favourable type (Bhat et al, 2006c), small deficiencies or duplications and most 
probably gene mutations (Singh et al, 1980). Several workers have reported that 
these viable mutations were monogenic and recessive in nature controlled by one or 
more recessive genes (Singh and Yadav, 1982; Singh et al, 1987). Patil (1966) 
attributed this phenomenon to either mutation of pleiotropic gene, mutation of gene 
clusters or due to loss of chromosomal segments. Gaul (1961) attributed such 
mutations to chromosomal re-arrangements or deletion. 
Difference in the frequency of morphological variants, not only in the different 
mutagenic treatments, but also in the two varieties, may be due to genotypic 
differences between the two varieties. Many genetic differences though not 
determined experimentally may be expected between the two varieties. In fact genetic 
differences even of a single gene induce significant change in mutagen sensitivity 
which influence not only the rate but also the spectrum of recoverable mutations 
(Kaul and Marta, 1985; Kaul, 1988). Nilan (1967) concluded that different mutagens 
and treatments procedures may also change the relative proportion of different 
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mutation types. Similar differences in mu^et«fc-i6SJ2pnji6.^f5'^° ^^^ reported by 
Sharma and Sharaia (1981a) in lentil, Kharkwal tl"99«#«P^ckpea and Khan (1999) 
in blackgram, Rao and Reddy (1984) in pigeonpea and Singh et al. (1999) in urd 
bean. Differences in the frequency of various morphological mutations have been 
reported in lentil (Tyagi and Gupta, 1991; Tripathi and Dubey, 1992 and Solanki and 
Sharma, 1999). 
The tall, dwarf and bushy variants as noticed in the present investigation have 
also been reported by Solanki and Sharma (2003) in lentil and Kulthe and Kothekar 
(2006) in winged bean following mutagenic treatments. 
An interesting feature observed in the present investigation was the induction 
of broad and bigger leaves with altered shape. These variants showed moderate yield 
and exhibited late maturity. Leaf shape is an important characteristic which finally 
governs the plant form. Most of the treatments of SA, y-rays, MMS and their 
combination induced variation in leaf shape and number of leaflets. Blixt (1972) 
reported that leaf aberrations seemed to be closely related to the actual mutation 
process. The altered metabolism as a result of cellular damage may also be one of the 
reasons for leaf abnormalities. Broad leaf mutants have also been noticed by Solanki 
and Sharma (2003) in lentil. Leaf mutants have also been reported in mungbean 
(Gupta, 1996; Bahl and Gupta, 1982; Lamseejan et al. 1983 and Sangsiri ef al., 2005), 
winged bean (Kulthe and Kothekar, 2006), sesame (Sengupta and Datta, 2004), urd 
bean (Singh and Raghuvanshi, 1985; Thakur and Sethi, 1993; Gautam and Mittal, 
1998) following mutagenesis. According to Tarar and Dnyansagar (1979) changes in 
leaf shape can be due to chromosomal aberrations produced by mutagenic treatments. 
The most striking variations in the present observation were alteration in seed 
size and seed coat colour. The bold seeded variants as observed in the present 
observations have also been reported by Singh et al. (2004) in urdbean which showed 
significant increase in pod length, pod width and 100-seed weight as compared to the 
controls. The seed variants with altered seed coat colour as observed in the present 
investigation have also been reported by Sengupta and Dutta (2004) in sesame. The 
mutants for seed coat colours, pattern on seed coat, seed size and shape have been 
reported by Ali Khan and Veeraswamy (1974) in red gram and Singh et al. (1982) in 
green gram. Bold seeded variants obtained in the present study and are of much 
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economic value may be tested for its behaviour in the next generations and the 
promising lines may be selected from yield point of view. 
Pod variants showing bold and long pods were also induced in the present 
investigation by different mutagenic treatments in both the varieties. Such mutants 
have also been reported by Thakur and Sethi (1993), Gautam and Mittal (1998). The 
bold and long podded variants had significant increase in seed number, seed size and 
consequently the 100-seed weight over there respective controls in both the varieties. 
In the present investigation a considerable frequency of high yielding variants 
were also induced in both the varieties following mutagenic treatments. These 
variants exhibited more number of fertile branches and higher number of pods per 
plant, thereby increasing the yield per plant. High yielding variants were also recorded 
earlier by Gaikwad and Kothekar (2003) in lentil and Kulthe and Kothekar (2006) in 
winged bean. 
In addition to above mentioned variants a small fi-equency of chlorophyll 
variants were also induced in the present investigation in some treatments in both the 
varieties. Induction of chlorophyll mutations after mutagenic treatments has also been 
reported earlier in chilli (Rangaiah et ai, 2004), mungbean (Sangsiri et al., 2005), 
cowpea (Banu et al., 2001), pigeonpea (Yadav and Padmaja, 2004), fenugreek 
(Parveen et al., 2006), urdbean (Sharma et al., 2006) and Lathyrus sativus (Waghmare 
and Mehra, 2001). Similar observations were reported by Kharkwal (1998b) in 
chickpea, Mitra and Bhowmik (1999) in Nigella sativa and Bhat et al. (2007) in broad 
bean. Chlorophyll development seems to be controlled by many genes located on sex 
chromosomes which could be adjacent to centromere and proximal segment of 
chromosome (Swaminathan, 1965a,b). Mutations in these chlorophyll genes reflect in 
M2 and subsequent generations in the form of different types of chlorophyll 
mutations. 
5.4 QUANTITATIVE CHARACTERS 
The useful variability is a pre-requisite for crop improvement programme. 
Therefore, the first step in any breeding programme would be the search for such 
variability. Mutagenesis has provided a handy tool to enhance the natural mutational 
rate and thereby enlarging the genetic vairaiblity and increasing the scope for 
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obtaining the desired selections. The practical utility of induced mutations for 
polygenic traits is well established, since most of the economic characters in crop 
species are quantitatively inherited. Particularly induction of microm,utations in 
polygenic system, controlling the quantitative characters are important for crop 
improvement. It has been already reported by several workers in various crops, 
specially in self pollinated crops (Chaturvedi and Singh, 1980; Sharma, 1986; Bhatia 
and Swaminathan, 1962). It is now quite clear that polygenic mutations result in 
release of considerable variability in mutagen treated population. In the recent years 
the role of mutation breeding in increasing the variability for quantitative characters 
has been proved beyond doubt (Mehetre et al., 1990; Srivastava and Singh, 1993; 
Ignacimuthu and Babu, 1993; Ticco and Chandra, 1999; Solanki and Sharma, 1999; 
Waghmare and Mehra, 2000). This is well established that ionizing radiations and 
certain chemicals can successfully induce mutations for polygenic traits in various 
crops (Swaminathan, 1969; Blixt and Gottschalk 1975; Farooq and Nizam, 1979b; 
Kharakwal, 1983a,b). 
The mutagenic effect of various doses/concentrations of MMS, y-rays and 
their combination was studied on days to flowering, number of flowers per plant, days 
to maturity, plant height (cm), number of fertile branches per plant, number of pods 
per plant, length per pod (cm), v^ ddth per pod (cm), number of seeds per pod, 100-seed 
weight (g) and total yield per plant (g). Assessment of range, mean and coefficient of 
variation (C.V.%) in control and treated population indicated that mutagenic 
treatments have induced wider magnitude of variability in Mj generation for all the 
quantitative characters. The mutagenic effect was clearly evident at different 
concentrations of all the mutagens leading to both increase and decrease in the mean 
value of these quantitative traits. The positive shift was more pronounced at the lower 
dose treatments, whereas, negative shift was observed at higher doses except for days 
to flowering and days to maturity where reverse was true. 
In the mutagen treated populations the pooled mean values of different 
mutagens for different quantitative traits remained mostly unchanged or caused a very 
little change because of shift in both the directions despite significant increase in 
variance indicated that the mean values of these quantitative traits at different 
doses/concentrations were not by and large altered at greater extent in both the 
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varieties. Shift in mean values in both positive and negative directions after mutagenic 
treatments has been reported by earlier workers (Abdalla and Hussein, 1977; Sinha 
and Joshi, 1986; Mehetre et ah, 1990; Waghmare and Mehra, 2000; Singh et ai, 
2000b). Most of the quantitative characters have a complex genetic determination 
involving large number of genes interacting with one another. Consequently variation 
in both the directions is expected. Since not very much appreciable changes were 
noticed in the pooled mean values for various quantitative characters in the present 
investigation, it is assumed to be due to the fact that in the present study macro-
mutational variants were excluded from the assessment of mean in Mi generation and 
data were recorded from the normal looking plants only. Reduction in the mean 
values of above quantitative fraits and also delayed flowering and maturity were 
common feature of mutagenic treatments at higher dose level, noticed in the present 
investigation. This has also been reported earlier by various workers (Nerker, 1970; 
Anis et ai, 1999; Anis and Wani, 1997; Tripathi and Dubey, 1990; Kumar and 
Dubey, 1994, 1998a; Bhat et ai, 2006c). In general, the individual freatments of 
MMS and y-rays have some stimulatory effect on these quantitative traits in both the 
varieties while the combination treatments proved to have inhibitory effect on these 
traits in both the varieties. 
In the present investigation the mean days to flowering, and days to maturity 
decreased at the lower doses/concentrations and increased significantly at the higher 
doses/concenfrations of the mutagens. Reduction in flowering and maturity time after 
mutagenic treatments have also been reported in grass pea (Waghmane and Mehra, 
2000) and in urdbean (Singh et ai, 2000b). Variation in flowering and maturity period 
is generally considered to have parallel relation, however, antiparallel relation has 
also been reported (Porsche, 1963). 
Plant height decreased considerably in the treated populations. Similar 
findings in this respect have been reported by Banu et al. (2004), Kumar and Mishra 
(1999), Saravaran et al. (2004), Ramesh and Reddi (2002). Significant decrease in the 
plant height has also been reported in mungtbean (Mehetre et al, 1990), broad bean 
(Abdalla and Hussein, 1977), triticale (Sinha and Joshi, 1986) and grass pea 
(Waghmare and Mehra, 2000) after treatments with physical and chemical mutagens 
while Ismail et al. (1997) reported a slight increase in plant height with lower 
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concentrations of EMS in broad bean. Singh et al. (2000b) reported increase in plant 
height in urd bean. Reduction in the plant height may be due to the chromosomal 
damage and/or inhibition of cell division (Thoday, 1951; Sparrow et al. 1961; Evans 
and Sparrow, 1961) whereas, Goud and Nayar (1968) and Tarar and Dnyansagar 
(1980) demonstrated that growth depression might be due to inhibition of auxin 
synthesis. Bansal et al. (1967) ascribed reduction in height to the shortening of 
intemodes. Since shoot growth is mainly due to cell elongation, whereas root growth 
depends upon the cell division (Sinha and Godward, 1972a). Therefore, reduction in 
the growth of plant might have occurred due to inhibitory effect of mutagens on 
growth regulating substances responsible for cell division and cell elongation. 
In the present investigation quantitative characters like mean number of 
flowers per plant, number of fertile branches per plant, number of pods per plant, 
number of seeds per plant, length per pod (cm) or width per pod (cm), 100-seed 
weight (g) and total yield per plant (g) showed significant increase in the mean values 
at the lower doses/concentrations of the mutagens, while higher doses/concentrations 
showed inhibitory effect. The inhibitory effects at high doses/concentrations leading 
to a decreased yield was due to prohibitory action of enzymes concerned with the 
initial growth processes and changes in the enzyme activity (Blixt et al, 1963). In the 
present investigation increase in the mean number of fertile branches per plant and 
flowers per plant had positive correlation with the number of pods per plant. In the 
same way the length per pod and width per pod had positive correlation with the 100-
seed weight and consequently the pods per plant and 100-seed weight had positive 
correlation with the total yield per plant. 
These traits play an important role in boosting the yield of a plant to a 
considerable extent. Relation of yield with other quantitative characters has also been 
studied earlier by Gottschalk and Kaul, 1975; Kaul and Garg, 1982 and Khan et al., 
1999). Swaminathan (1969) and Singh and Chaturvedi (1982) have also been reported 
that higher number of flowers and fertile branches per plant have positive response 
with respect to yield of a crop. Increase in yield with the application of chemical 
mutagens have been reported by Kharkwal (2001). The possible cause of increased 
value of these yield contributing traits in the present study may be due to some useful 
gene mutations and chromosomal aberrations. 
81 
Discussion 
In the present study although no linear relationship was observed between the 
dose and mean values for all polygenic traits but varietal differences in terms of 
mutagenic response was clearly evident. Such varietal differences have also been 
reported earlier by most of the workers (Sharma and Sharma, 1981a; Kharkwal, 1998a 
and Khan, 1999). The occurrence of mutations with equal frequency towards positive 
and negative directions may be considered as an important reason to justify the 
tendency of positive and negative shifts (Gregory, 1955) in the mean values for 
various quantitative traits in the treated populations. As stated earlier, a considerable 
range of polygenic variability measured in terms of coefficient of variations was 
induced by all mutagenic treatments in both the varieties, however, the amount of 
induced variability varied not only among different treatments but also from trait to 
trait. 
In brief, the present findings have revealed that lower and moderate doses/ 
concentrations of physical and chemical mutagens proved to be efficient in increasing 
the genetic variability for yield oriented selection in broad bean and the isolated 
variants possess desirable characters associated with higher yield, may be evaluated in 
future generations for promising traits. Thus the genetic variability induced by 
mutagenesis can effectively be exploited for the improvement of broad bean. 
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CHAPTER - 6 
SUMMARY AND CONCLUSION 
The present investigation was carried out to study the mutagenic effects of 
chemical mutagen i.e. methyl methane sulphonate (MMS), physical mutagen i.e. 
gamma rays (y-rays) and their combination treatments on cytomorphological 
characters of broad bean (Viciafaba L.) var. PRT-7 and var. PRT-12. 
The main objectives of the present study were -
1. To study the effect of physical and chemical mutagens, i.e., MMS and y-rays 
and their combination treatments on various biological parameters in Mi 
generation. 
2. To study the meiotic behaviour of chromosomes after various treatments of 
physical and chemical mutagens in Mi generation. 
3. To study the effect of individual and combination treatments of physical and 
chemical mutagens on the induction of variability in quantitative characters in 
Ml generation. 
4. To compare the sensitivity of two varieties of broad bean viz., var. PRT-7 and 
var. PRT-12 to the different mutagenic treatments. 
The effect of MMS, y-rays and their combination treatments on different 
biological parameters viz., seed germination, plant survival, pollen fertility and 
seedling height showed a dose dependent reduction. Combination treatments showed 
maximum inhibitory effect on various biological parameters in both the varieties 
followed by MMS and y-rays. Var. PRT-7 was found to be more sensitive to the 
mutagenic treatments than the var. PRT-12. 
The meiotic chromosomal aberrations in pollen mother cells (PMCs) of treated 
population showed a dose dependent increase in both the varieties. The various 
chromosomal aberrations induced by MMS, y-rays and their combination treatments 
were univalents, multivalents, stickiness, precocious separation of bivalents, 
unorientation of bivalents and fragments at metaphase I/II. The induced chromosomal 
aberrations at anaphase I/II were laggards, bridges, and unequal separation of 
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chromosomes, while the chromosomal aberrations at telophase I/II were bridges, 
disturbed polarity, micronuclei and multinucleate condition. Apart from these 
chromosomal aberrations, some aberrations like cytomixis at metaphase I, clamping 
of chromosomes at anaphase I, disturbed anaphase II and non-synchronisation at 
anaphase II were also found in some cells. The maximum frequency of chromosomal 
aberrations was induced by combination freatments followed by MMS and y-rays. 
The frequency of chromosomal aberrations was more at metaphase stages followed by 
anaphase and telophase stages. On this basis var. PRT-7 was found to be more 
sensitive as compared to the var. PRT-12. 
Various types of morphological variants with altered characters i.e., plant 
height, growth habit, leaf size, leaf colour, pod size, seed coat colour and pattern and 
yield parameters were isolated in Mi generation of both the varieties. The frequency 
of morphological variants was maximum in y-rays freatment followed by MMS and 
combination treatments in both the varieties. Moreover, the frequency of 
morphological variants was more in var. PRT-12 than the var. PRT-7. 
Attempts were made to ascertain the effect of different mutagenic freatments 
on mean and coefficient of variation (C.V.%) in eleven quantitative characters viz., 
days of flowering, niraiber of flowers per plant, days to maturity, plant height (cm), 
number of fertile branches per plant, number of pods per plant, length per pod (cm), 
width per pod (cm), number of seeds per pod, 100-seed weight (g) and total yield per 
plant (g) in Mi generation. For all these quantitative characters the mean shifted in 
both, the positive and the negative direction. The positive shift was more pronounced 
at the lower doses/ concenfrations and negative shift was observed at the higher doses/ 
concenfrations of all the individual as well as combination freatments in both the 
varieties except for days to flowering and days to maturity where the condition was 
just opposite, while in case of plant height, a negative shift was observed at almost all 
the treatments. The pooled mean values for yield and its contributing components 
showed increase in individual mutagenic freatments, whereas, in combination 
freatments a slight decrease was observed except for days to flowering and days to 
maturity where the reverse was true. The pooled mean values for plant height showed 
decrease in all the individual as well as combination freatments. The coefficient of 
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variation was high among the treated populations as compared to their respective 
controls in both the varieties in Mi generation. 
Out of the two varieties taken in the present investigation, var. PRT-7 was 
found to be more sensitive to the mutagenic treatments than the var. PRT-12. 
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